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PREFACE

il our commentary to the first sixteen chapters we follow the order of the verses 
of the text, though often combined to form larger groups according to contents. 

In Chapter XVII, however, which is concerned with planetary theory based on Baby
lonian methods, we found it necessary to rearrange the material. The following Table 
of Contents will show the details.

For a number of technical terms for which no short equivalent exists in western 
astronomy (e.g., ahargana or lithi) we give an alphabetical index on p. 129. An ex
tensive index verborum will be found in Part I, p. 188 IT. The notation which we 
generally adopted in formulae is shown in the list on p. 130, arranged according 
to topics. Since numerical parameters provide one of the most powerful tools in the 
investigation of the interconnection between different sources, we have compiled a 
detailed index of parameters (p. 131 If.).

A discussion of the general historical position of the Pañcasiddhantika in Indian 
astronomy is given in Part I.

O.N., D.P.
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Chapter I
1,1- Varähamihira’s invocatory verses normally mention the Sun; cf. e.g. Brhatsain- 
hitä 1,1- This is appropriate because of his position as a Maga Brähmana. But here 
the Sun is also representative of the divine authors of siddhäntas (joined in the Pañ- 
casiddhäntikä by Pitämaha = Brahma), while Vasistha, who is one of the seven 
Vedic rsis who form the constellation Saptarsi (Ursa maior), represents the human 
authors (joined here by Paulisa and Romaka). Varähamihira’s father, as stated 
Part I p. 7, was named Ädityadäsa (“Slave of the Sun”).

1.2. The term bija normally is applied only to a correction to a planet’s mean longitude. 
It is not clear what in this verse is ascribed to “former teachers,’’ or what is regarded 
as secret.

1.3. For the five siddhäntas and Lätadeva see Part I pp. 9-15.

1.4. The ranking in accuracy of the five siddhäntas given in this verse is appropriate: 
Surya, Paulisa and Romaka, Väsistha and Paitämaha.

In the late seventh or during the eighth century (between 628, the date of the 
Brähmasphutasiddhänta, and ca. 850, the date of the Prakatärthadipikä), another 
verse based on this one became popular. It is quoted by Govindasvämin in his Pra
katärthadipikä on 11,8 of the Uttarabhäga of the Brhatpäräsarahoräsästra :

spasto brähmas tu siddhäntas tasyäsannas tu romakah/ 
saurah spastataro spastau väsisthah paulisas ca tau//

“The Brähma (sphutasiddhänta) is accurate; the Romaka is close to it; the Sürya 
(saura) is more accurate; and the Väsistha and Paulisa are inaccurate.”

1,5-7. Varähamihira here lists the contents of the Pancasiddhäntikä, though in a 
fashion that is uncharacteristically unsystematic.

a) solar eclipses: VU; VIII; IX; XV,1-10.
b) lunar eclipses: VI; X; XI
c) conjunctions of stars and planets: XIV,33-38
d) longitudinal differences (of cities): 111,13-15; XV,21-23; 25
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e) prime vertical: IV,32-33; 36; 38
f) rising of the moon: V
g) magical diagrams: XIV,27-28; 41
h) graphical constructions: XIV,1-18; 41
i) gnomon shadow: 11,9-13; 111,10; IV,19-22; 35; 37-38; 41-56; XIII,11 ; 30-33;

XIV,5; 10; 14-15
j) sine of terrestrial latitude: IV,20-21; IV,27-28; 40; XIV,9-10; 18
k) sine of colatitude: IV,23; 28; 40; XIV,8; 18
l) declination: IV,16-18; 24; XIII,10.

It is curious that this list of contents does not mention the rules for calculating plane
tary positions as given in XVI and XVII.

1.8- 15. In these verses Varâhamihira summarizes the rules for computing the ahar- 
gana (i.e. the number of days elapsed since epoch) in the three texts associated with 
Lätadeva, i.e., the Romakasiddhänta (1,8-10 and 15), the Paulisasiddhänta (1,11-13), 
and the Süryasiddhänta (1,14).

1,8. The epoch of Lätadeva’s Romaka is the first tithi after conjunction in the month 
Caitra at the beginning of the year Saka 428, i.e., the time of conjunction of Sun and 
Moon at approximately Aries 0°. This date is A.D. 505 March 22, Tuesday; see Part I 
p. 8 in the introduction. The time is sunset at Yavanapura (cf. XV,18), i.e., about
6 P.M. of March 21, local time at Yavanapura. According to 111,13 the time difference 
between Yavanapura and Avanti is 71 ¡3 nâçlïs or 2 hours 56 minutes; therefore the 
local time at Avanti is ca. 8;56 P.M. Cf., however, VIII,5 and XV, 18.

1.9- 10. The purpose of this section is the determination of the number I) of days 
elapsed since epoch at a moment characterized as N completed years of the Saka 
era, plus m completed (mean) synodic months, plus r completed tithis.

This problem is solved by computing first two terms A and B:
A = (12(X-427) + m)^-8 (1)

B = (A+ 12(Æ-427)+ m) 30 +T. (2)

In these expressions the factor 12(X-427) + zn represents the number of lunar months 
completed since epoch (S.E. 428) under the preliminary assumption that only 12 
months correspond to each year. According to the “Metonic” 19-year cycle, however,
7 intercalary months must be added to each set of 19-12 = 228 months. Consequently 
the term A gives the number of intercalary months since epoch, B the total of tithis 
since epoch.

It is furthermore assumed that

703T = 692d = (703 - 1 l)d. (3)
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The number C of (lays corresponding to B tithis is therefore

(4)

From this amount is subtracted a constant

which leads to the final result

514
703

D = C - c = B-
11B + 514

703
= B -

11 B + 8,34
11,43

(5)

(6)

for the number of days since epoch.
Measured in sexagesimal fractions of a day the constant c corresponds to

c 0;43, 52,. . .d. (7)

Since C = I) + c this means that the interval C begins about 3/4 of one day before epoch. 
The latter falling at sunset (cf. 1,8) C begins at the preceding midnight. The time of 
epoch being the vernal equinox one should expect c = 3/4d = 0;45d exactly instead of 
(7). This would have been obtained by replacing 514 in the numerator of (5) by 527. 
We cannot explain this small discrepancy.

It follows from (3) that

1 tithi = 0 ;59,3,40,11,56,. . . days (8)
hence

1 lunar month = 29 ;31,50,5,58,. . . days (9)

and from the 19-year cycle

1 year = 365 ; 14,48,4,. . . days (10)

Note that in 1,15 a tropical year contains 365; 14,48 days exactly.

1,11-13. The text gives the following rule for the determination of the number ma 
of intercalary months:

10ds+ 698 y y
9761 + 300-107 + 5506

where ds means the number of saura days contained in the interval under consider
ation, y the number of complete years in the same interval of time. The term 698/9761 = 
11,38/2,42,41 0;4,17 is obviously an epoch correction which must be due to the
fact that an integer number of intercalary months plus this fraction had elapsed be
tween the original epoch of the Paulisasiddhänta and the epoch of Lâtadeva.
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If we wish to apply (1) for exactly one year we have to 
y = 1. Computing sexagesimallv this gives

cis = 300 and

ma(l) =
1,0,0 1

2,42,41 8,55,0
+

1
rjTïe

~ 0:22,7,43,58,7 +0j0,0,6,43,44+ 0;0,0,39,13,48
~ 0;22,8,29,54.

Hence one year contains
1 y = 12 ;22,8,29,54m (2)

synodic months. From 111,1 we know that one sidereal year is exactly defined by

hence from (2)
1 y = 6,5 ;15,30d (3)

ln> 29;31,48,16,37d. (4)

For the number u of omitted tithis the text gives the rule

(o)

d being the number of calendar days, r the number of tithis contained in the interval 
under consideration. If we again apply this rule to 1 year we must for d use (3) and 
for T, because of (2),

1Y = 6,11 ;4,14,57T. (6)
Hence for one year

/ 6,5:15,30
u =

6,11 ;4,14,57
6,58,55

0:59,59,58,56

~ (5:47,51,54,17 + 0;0,53,8,50)-0;59,59,58,56
5;48,44,56,55

as the number of omitted tithis.
This result can also be obtained directly from (6) and (3) because

6,11:4,14,57 -6,5:15,30 = 5;48,44,57 (7)

again represents the number of omitted tithis.
Also from (2) and (3) can be derived the sidereal mean motion of the moon.

One finds 13:10,35,37,. . .0/d.



Nr. 1 11

1,14. Since ISO 000y = 50,0,0y contain 66 389 = 18,26,29 intercalary months, hence 
50,0,0-12 + 18,26,29 = 10,18,26,29 lunar months, one finds that

ly = 12;22,7,46,48m = 6,11 ;3,53,24T. (1)

Since 50,0,0y contains 1 045 095 = 4,50,18,15 omitted tithis their number per year is 
5;48,21,54 and therefore with (1)

ly = (6,11 ;3,53,24 - 5;48,21,54)d = 6,5 ;15,31,30d (2)

as the exact length of the sidereal year; cf. also IX, 1-
It follows from (1) and (2) that

1 m 29 ;31,50,6,52,59,. . .d (3)
and

V * 13:10,34,52,6,. . ,°/d (4)

1) The parameters of the ärdharätrika system are found in Mahäbhäskariya VII,21-35, and in Khan- 
dakhädyaka I, II, and VI. Table 1 shows the number IV of sidereal revolutions in a Mahäyuga which consists 
of 4 320 000 = 20,0,0,0 sidereal years = 1 577 917 800 2,1,45,10,30,0 days. For additional planetary para
meters see the commentary on XVI,12-14, Table 22.

for the sidereal mean motion of the moon.
Lätadeva’s Süryasiddhänta, as we know from chapter XVI, employed a Ma

häyuga of 4 320 000 = 20,0,0,0 = 24-50,0,0 years. If we multiply the parameters in 
this verse by 24 we tind that there are

53 433 336 = 4,7,22,35,36 lunar months
1 593 336 = 7,22,35,36 intercalary months

1 603 000 080 = 2,3,41,17,48,0 tithis
1 577 917 800 = 2,1,45,10,30,0 sävana days

in one Mahäyuga; these are precisely the parameters of the ärdharätrika (i.e., mid
night) system.1)

1,15. Here it is assumed that 2850 = 47,30 = 2,30-19 years contain 1050 = 17,30 = 
2,30-7 intercalary months. This is the well known scheme of the “Metonic cycle”, 
consistently used in the Babylonian ephemerides. The number of omitted tithis is 
16 547 = 4,35,47, therefore the number of days in one year

/ 7\ 4,35,47 4,49,9,13 15,13,7
12 + — 30-—---- = -------------■= --------- = 6,5;14,48d. (1)

\ 19/ 2,30-19 19-2,30 2,30

This is exactly the length of the tropical year according to the Hipparchian-Ptolemaic 
theory (Almagest 111,1 p. 208,12 Heiberg). The same value appears again in VIII,1.

The relation (1) can also be formulated as

47,30y = 2,30 -19y = (47,30 -1 2 + 17,30)m = 9,47,30m = 2,30 -3,55“ (2a)
i.e.

19y = 3,55 synodic months. (2b)
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Table 1.

N

Sun............................ 4 320 000 = 20, 0, 0, 0
Moon.......................... 57 753 336 = 4,27,22,35,36
Lunar apogee......... 488 219 = 2,15,36,59
Lunar nodes........... 232 226 = 1,4,30,26

Saturn ........................ 146 564 = 40,42,44
Jupiter...................... 364 220 = 1,41,10,20
Mars.......................... 2 296 824 = 10,38,0,24
Venus, sighra......... 7 022 388 = 32,30,39,48
Mercury, sighra.... 17 937 000 = 1,23, 2,30, 0

Furthermore

47,30V = 9,47,30m = 4,53,45,0T = (4,53,45,0 - 4,35,47)d = 4,49,9,13d. (3)

In VIII, 1 this same number of days is equated to 10,35,0 sidereal months:

4,49,9,13d = 10,35,0 = 2,30-4,14 sidereal months (4a)

hence with (2a)
19y = 4,14 sidereal months (4b)

and finally
3,55 = 235 synodic months = 4,14 = 254 sidereal months (5)

as basic relation between synodic and sidereal revolutions of the moon, well known 
in Babylonian astronomy.

Because 7:19 = 0 ;22,6,18,56,50,. . . one linds for the Metonic cycle that

1 y = 12 ;22,6,18,56,50,. . . m (6)
and thus with (1)

lm = 29;31,50,5,37,. . ,d. (7)

Finally the mean motion of the moon is

D = 13;10,34,59,50,. . .°'a. (8)

1,16. Summary of the general rules on which the relations are based which were 
utilized in the preceding verses. For the term “solar measure” cf. pt. I, p. 185.

1,17-21.  Let
a = a+ 2221 = a+ 37,7 (1)

be the (augmented) ahargana where a represents the number of days since epoch. 
Then the following set of rules is given in the text:
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a = 7-2520 +7- 0 á r < 2520 = 7-360 = 42,0 (2)

r = ci -360 + C2 thus 0 + ci < 7, 0 C2 < 360 (3)

where ci represents the number of <completed years. From it

(ci + 1 ) • 3 — 2 = C3 • 7 + C4 0 + C4 < 7 (4)

gives the “lord of the year’’ C4. Furthermore

= C5 • 7 + c6 0 á c6 < 7 (5)

where cq is the “lord of the month’’ , counting from Sunday.1) Then

a = C7 • 7 + c8 0 + c8 < 7 (6)

gives the “lord of the day’’ c8 and

(c8-3 - 1 + /1) -5 = C9 • 7 + cjo 0 L cio < 7 (7)

the “lord of the 7z-th hour’’.
Let A B C D E F G (8a)

be the order of days in the week, ruled by the planets

O c ¿ ? 'n ? 1? (8b)

respectively. Then the rule (7) results for the first hour (7i = 1) in

eg • 15 = 2c8 • 7 + c8
hence in

Cio = Cg

i.e. the lord of the first hour is also the lord of the day.
For h = 25 one obtains

c8 • 15 + 120 = (2c8 + 1/ )7 + c8+1

i.e. the first hour of the next day has the lord c8 + 1 as it should be. For h = 2 one has 

c8 • 15 + 5 = 2c8 -7 + c8 + 5.

This means : if we begin for h = 1 with A then h = 2 has the lord F, 7i = 3 the lord 1),
etc. In this way one obtains for consecutive hours the following order of the planets

O $ £ C 1? 'll etc.

0 The rule given in (5) is wrong. The text’s (1,19) “increase the (resulting) months by the current 
one” should be replaced by “discard the fractional part of the current (month)”. 
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i.e. the Greek order of the planets from which the order (8b) for the days of the week 
originated.

From (5) it follows that an increase of a (or of o) by 30 increases the lord of 
the month by 2, as it should be since 30 = 2 mod. 7. Of course “month” means here 
a fixed interval of 30 days and not a lunar month.

For the first day of the ahargana one has a = 2227 + 1 hence from (6)

2228 - 318-7 + 2
hence C6 = 2 i.e. Tuesday.

The rule (4) can also be written as

3ci = C4- 1 mod. 7.

Each unit of ci represents according to (2) a schematic “year” of 360 days. Hence 
C4 increases by 3 if ci increases by 1 as is to be expected since 360 = 3 mod. 7. For 
a = 1 one has ci = 0 thus C4 = 1 i.e. Sunday.

1.22. Varähamihira explains the astrological influences of the lords of the year, the 
lords of the month, and the lords of the day in Brhatsamhitä XIX.

1.23- 25. Varähamihira here discusses the Persian year of the Maga Brähmanas.

1.23. If we now consider a “year” as containing 365 days, the quotient

a + 1 = C5 mod. 365 0 â C5 < 365

gives the fraction C5 of one year elapsed at the given moment a. Furthermore

C5 = C6 mod. 30 0 C6 < 30

refers to the number of days within the current schematic month of 30 days. This 
last residue co defines the “lord of the degree”.

1.24- 25. Here are listed the Sanskrit “equivalents” of the thirty angels who rule the 
days of a Persian month. Column I below gives their names according to the Bunda- 
liishn (cf. A. Christensen, L’Iran sous les Sassanides, 2nd ed. Copenhague 1944 p. 158),
and column 11 Varähamihira’s list.

I II
1. Ohrmazd Kamalodbhava = Brahman
9. Vahman = “Good Thought” Praj esa = Praj apati
3. Urdvahisht = “Best Truth” Svargesa = “Lord of Heaven’
4. Shahrëvar = “Desirable Domination” Sästr = “Ruler”
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5. Spandarmadh = “Spiritual Purity” Rudra
6. Khvardädh = “Integrity” Manyu = “Mind”
7. Amurdädh = “Immortality” Vasu = “Wealth”
8. Dadhv = “Creator” Kamalä = Laksmi
9. Adhur = “Fire” Anala = “Fire”

10. Äbhän = “Water” Antara = “Death”
11. Klivar = “Sun” Vayah = “Sun”
12. Mäh = “Moon” Sasi = “Moon”
13. Tir = “Mercury” Indra
14. Gosh = “Bull” Go = “Bull”
15. Dadhv = “Creator” Nirrti = “Destruction”
16. Mihr = “Sun” Dara = Siva
17. Srösh = “Obedience” Bhava = “Being”
18. Rashn = “Truth” Guru = “Teacher”
19. Fravardin = “Genii” The Pitrs = “The Fathers”
20. V ar hr an Varuna
21. Ram = “Joy” B aladeva
22. Vädh = “Wind” Samirana = “Wind”
23. Dadhv = “Creator” Yama = “Death”
24. Den = “Religion” Väk = “Word”
25. Ard = “Retribution” Sri = “Prosperity”
26. Ashladh = “Rectitude” Dhanada = Kubera
27. Asman = “Sky” The Giris = “The Mountains
28. Zämdädh = “Earth” Dhätri = “Earth”
29. . Mahrspand = “God’s Word” Vedhäh = “Pious”
30. Anaghrän = “Infinite Lights” Parah Purusa = Visnu

The angels of lists I and II are reasonably similar for days 1, 2, 3, 4, 5(?), 7, 9, 
11, 12, 14, 18(?), 19, 22, 24, 28, and 29, and perhaps for some others. The variations 
may be due in part to the fact that Varähamihira’s is a Maga Brähmana list, the 
Bundahishn’s probably a Zurvanite document.

Chapter II

11,1.  The rule of the text implies the use of a julian year since

a • 4 + 6 a + 1 ; 30
1461 ” 365;15 ' (1)

The division of the ahargana a by 365;15d will leave a remainder which gives the 
number of quarter-days after the vernal equinox. The twelve coefficients enumerated 
at the end of the verse, 126 - 1 = 125, 126-0 = 126, etc., give the number of quarter
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Table 2.

d/4 d Season Velocity

Y 125 31 ;15 0;57,16,48°/fl
V 126 31 ;30 0;57, 8,34,. . .
K 126 31 ;30 94;15 0;57, 8,34,. . .

126 31 ;30 0 ;57, 8,34,. . .
P 124 31; 0 0;58, 3,52,. . .
up 122 30;30 93; 0 0;59, 0,59,. . .

=n= 119 29;45 1; 0,30,15,. . .
m 117 29 ;15 1; 1,32,18,. . .
X* 117 29;15 88;15 1; 1,32,18,. . .
3 118 29 ;30 i; 1, L 1,- • •
AW 120 30; 0 1
)( 121 30;15 89;45 0;59,30,14,. . .

Total 1461 365 ;15

days for the travel of the Sun in the consecutive zodiacal signs. This leads for the 
solar motion to the pattern shown in Table 2.

The additive constant (ksepa) 6 in the numerator (i.e. = P/2 days) indicates
that the author supposed the vernal equinox to occur not at the epoch, but P/2 days 
earlier.

The graph for the corresponding velocities (cf. Fig. 1) shows that the values for 
Pisces and Aries cannot be correct. A simple emendation would be 124 for Aries 
and correspondingly 122 for Pisces. The text, however, does not permit such a cor
rection.

11,2-6.  We have here rules for the determination of the longitude of the Moon, rules 
which are of great historical interest because their Hellenistic, ultimately Babylonian, 
prototypes are known.1)

Let a be the ahargana, then one takes as number of days

n = a+ 1936 = a+ 32,16 (1)

i.e. one introduces a point of departure about 51/3 years back from the accepted epoch 
date. We shall return to this modified epoch date later and show that it represents 
a position of the Moon at its apogee (cf. p. 22).

From n one derives numbers a and ß:

n = oc-3O31+ß 0 á ß < 3031 (2)

where a (called “ghana”) counts the number of periods of 3031 = 50,31 days length. 
This number 3031 represents the length of 110 anomalistic months as we know, e.g., 
from VIII,5.

x) Cf., e.g., the Greek papyri P. Lund 35a and P. Ryl. 27 (cf. below p. 152, Bibliography 1,D) and 
ACT I passim.
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With the remainder ß one forms

9d 9/ 248
----- = m d------  0 t < ---- .
248 248 9

Since
-2-*- 8- = 27;33,20d

is the length of one anomalistic month, one can replace (3) by

ß = m-27;33,20 + i 0^f<27;33,20

(3)

(4)

(5)

where m (called “gatis”) gives the number of anomalistic months contained in ß. 
The text counts the residue t in “padas” where (cf. (4))

1 pada = ^4- anomal, month = 4- day. (6)

Having determined the integers a, m, and t the corresponding increments of 
longitude Ai, fa, A3 respectively will be computed.

First, with a from (2):

a = 16u + t> 0 V < 16 (7)
and from it

Ai = 69;7,l°-fn-30° + 0;2a. (8)

This means that for n = 0 the Moon had the longitude

Ao = 69;7,1°. (9)

For this parameter cf. below p. 22. Otherwise (7) and (8) are based on the assumption 
that the longitude of the Moon increases during one ghana by 3371/2° + 0;2° = 5,37 ;32° 
— corresponding to a mean motion of 13;10,34,52,46,. . .°/d.

Indeed, since
5,37 ;30 - -22;30 = - |30 mod. 6,0

Hist. Filos. Skr. Dan. Vid. Selsk. 0, no. 1. 2
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one has for a ghanas, with (7):

-a|30 = -(16u + i>){30 = - 12 • 30zt-f n-30 -{p-30 mod. 6,0

which explains the increment depending on v in (8).
The contribution to the longitude during ni gatis is assumed to he

Â2 = tn (185 -{) minutes = m-3;4,50°. (10)

That is to say the Moon moves in one anomalistic month 6,3;4,50°, or, using (4), 
the Moon’s mean velocity is taken to be 13;10,34,43,3,. . .0/d. This is slightly less than 
the value obtained from (7) and (8).1)

The increments Zi and 2.2 take care of complete anomalistic periods of the Moon. 
What remains is only the fraction I in (5) of the current anomalistic period. For this 
last contribution a definite velocity pattern is assumed, beginning with minimum velo
city. This implies that the Moon had minimum velocity at n = 0.

In order to compute the increase in longitude of the Moon during a fraction 
of an anomalistic month one has to distinguish between the two halves of a month. 
During the first half the motion is accelerating, during the second half the velocity 
decreases again toward its minimum. The two halves are characterized in the text 
by the number of “padas” (cf. (6)) within the month: the first half of 124 padas 
contributes (according to 11,5) 180;4° of longitudinal progress, the second half should 
complete the anomalistic period. According to (10) one should expect a total of about 
363° in longitudinal gain but for the sake of greater computational convenience the 
motion during the last part of the month is slightly modified.

In describing the rides of the text we denote the longitudinal increment during 
the first half of the month by Â+, during the second half by 2.~. Reckoning the residue / 
found in (3) or (5) as p “padas” the rules of the text are

first half: Â+ = p° + (1094 + 5(p - 1)) — minutes
63

0 p 124

second half: = (p - 124)° + (2414 - 5(p - 124 - 1)) —
63

+ A+(124) minutes 125 = p è 248

where Â+(124) represents the value obtained from (11) if one substitutes p = 124, 
or, as said in the text

z+(124) 180;4°. (12a)

J) If one were to emend in (10) the 1/6 to 0;6 = 1/10 one would have a motion of 3;4,54° ( + 360°) 
in one anomalistic month and hence a mean motion of 13 ;10,34,52,. . .o/d, i.e., practically the same value 
as in (7) and (8). On the other hand, the parameters in P. Ryl. 27 lead to 3;4,49,26,. . .° as progress per ano
malistic month.

(12)

(11)



Indeed, for p = 124 one obtains from (11) the value 124°+ (3363-t--—) minutes = 
180° + (3 + |j) minutest 180 ;4°.

In order to discuss the astronomical signifcance of these rules it is convenient 
to reconvert the padas to days t and to write the numbers sexagesimally with degrees 
as units.

For the accelerating, i.e. first, half of the month one can replace (11) by

0;45 d
Â+ = 11 ;42 t+-^— i(f-l) = mf + -f(f-l). (13)

The velocity (in degrees per day) which produces such a motion is found by forming 
the differences

v+ = ZlÂ+ = Å+(t + 1) - Â+(f) = m + dt. (14)

Hence u+ is a linearly increasing function of time with the minimum

m = 11 ;420/d (15a)
and the difference

1 ; 30
d = ------ . (15b)

7

For the second half of the month we count the days t' beginning with the mid
point p = 124, i.e. we define

i'-|(p-124). (16)

Then (12) transforms itself into

0;47 / 1 \ , 0;45 , , , d , ,
Â- = 3,0;3+—— + 14;39 + —]t’---------t'(t'-V) = c + Mt' --t'(t' - 1 ) (17)1,3 \ 7,0/ 7 2 V 7 V 7

with
0;47 

c = 3,0;3 + -4_ « 3,0;4 (18a)
1,3

1
T/=14;39+— = 14;39,8,34,17,. . .°/d (18b)7,0 V

i;30
and d = —-— as before in (15b). The velocity in the second half is therefore given by

p-= (19)

The fact that d has the same value in (14) and (19) shows that the velocity 
underlying (11) and (12) is a linear zigzag function with extrema given by (15a) 
and (18b) and difference (15b). Consequently we find for the period of this function 
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as it should be according to (4). For the mean value one finds

, 4
u = ±(m + Af) = 13; 10 + - - 13; 10,34,17,. . ,°/d.r - 7 7,0 (21)

(22)

or

47 
1,3

P
2

P d
uP = c + M--------

2 2

Essentially the same linear zigzag function for the lunar velocity is described in 111,4, 
the only difference being that the value (18b) for M is rounded to 14;390/d which 
would mean /z = 13 ;10,30o/d instead of (21).

We must still explain the value (18a) of the constant c in (17). Obviously the 
longitudinal gain over one complete anomalistic period should be /¿P. Hence, one 

, P
should have at the end, i.e. for / = - from (17):

exactly. This shows that c was computed from the necessary relation (22) by using 
for the mean motion the rounded value

/z ~ 13;ll°/d. (23)

It is of interest to investigate the lunar equation which results from the pattern 
of the true longitude À+, computed according to the above scheme. For this end one 
has to compute 2+ from (13) for t = 1, 2,. . . and similarly the corresponding mean 
positions Å from day to day, beginning with the apogee, and to form the differences

0 = Å+-Å. (24)

Table 3 and its graphical representation in Fig. 2 show the result. From it it is clear 
that the maximum equation is

^max — 5 ; 5 (2o)

P 
which occurs at t = 1, i.e., as expected, near t = — = 6;53,20.

It should be emphasized that this is a necessary consequence of the velocity 
function determined by (14) and (19). In other words (25) is not a parameter which can 
be chosen freely after v has been fixed; cf. below the discussion to III,4 and 111,5-8.

The origin of the other parameters can only be reconstructed with a fair degree 
of plausibility. In the construction of a linear zigzag function the only parameter
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Table 3.

t Z A+ -0

1 784.14 702.00 82.1' = 1 ;22°
2 1568.28 1416.86 152.4 2 ;32
3 2352.42 2144.57 207.8 3;28
4 3136.57 2885.14 251.4 4 ;11
5 3920.71 3638.57 282.1 4 ;42
6 4704.85 4404.86 300.0 5; 0
7 5489.00 5184.00 305.0 5; 5
8 6273.14 5976.00 297.1 4;57
9 7057.28 6780.86 276.3 4 ;36

10 7841.42 7598.57 242.8 4; 3
11 8625.57 8429.14 196.4 3 ;16
12 9409.71 9272.57 137.1 2;17
13 10193.85 10128.86 65.0 1; 5

13 ;47 10803.74 10803.75 0.0 0

which must be strictly preserved is the period P, here represented by the classical 
Babylonian parameter (20). For the convenience of actual computation it is essential 
that d be a small number. A crude estimate of the anomalistic lunar motion, P & 28d, 
M-m «w 3° would give for d

M - m 1 ; 30

as in (15b). Again a crude estimate for the velocities would be 13 ; 11, hence 
m^ll ;41, M 14 ;41. Starting with these estimates one must improve ¡a by coming 
nearer to the well known mean value 13;10,35. If one wishes to preserve d which 
contains the fraction 1/7 it is convenient to take also for // the nearest approximation 
with this fraction, i.e. // = 13,10 +y which is (21). Finally, one must use the accurate 
value (20) for P and this, with (21), leads to (15a) and (18b) for the extrema. At 
any rate, arithmetical considerations more or less following the here described lines

5

Fig. 2.
10 14 t
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must lie at the basis of the rules given in the text and certainly not any detailed ob
servations beyond the well known Babylonia parameters.

As a result of the prescribed operations one has found the contributions to the 
motion in longitude Ai,A2, and A3 = A+ or A- respectively. Hence one obtains for the 
longitude A of the Moon at the moment t

A = Ao + Ai + A2 + A3 (26)

where Ao is the lunar longitude 1936 days before epoch, i.e. before 505 March 22 
(cf. above p. 16 (1)), given in 11,3:

AO = H9;7,1. (27)

The correctness of this element can be easily checked with modern tables. Computing 
for 499 Dec. 3, 5 P.M. (a) for the meridian of Ujjayini (b) for the meridian of Alex
andria, one finds1)

Ujjayini: A = 69.33 = K 9;20 anomaly 186°

Alexandria: A = 70.82 = 10;49 anomaly 187;30°

as compared with Ao = H 9;7 and anomaly 180° assumed in the text. The computed
data obviously confirm in principle the data of the text but do not provide a clear
enough distinction between Ujjayini and Alexandria.

It is not clear why just this particular apogee position had been chosen instead 
of the nearest one to the epoch A.D. 505 of the ahargana, unless the Vasisthasiddhänta 
was revised in 499 as the Romaka, Paulisa (and Sürya) were revised by Lätadeva 
in 505.

11,7.  We adopt here the following notation for longitudinal arcs:

4°
9

Let ZlA be the elongation of the Moon from the Sun. In one lunar month, which, by 
definition, contains 30 tithis (r), the elongation increases by 360°, hence 12° per tithi.

30 5T 5 
Consequently for an elongation of Is is required the time — = -, hence -HA for an 
elongation of JAS. Cf. also 111,16.

A° = as + b° = |ana + |£A

This explains the rule

s. . . sign : Is = 30°

na. . . naksatra : Ina = 0 4s= 13;20 = —
9

/z. . . muhürta: u*  =
jna
— = 0;26,40°
30

of the text:

x) Using the tables of P. V. Neugebauer, Tafeln zur astronomischen Chronologie II (1914) and his 
Chronologie II (1929) Tafel E 1.
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11,8.  One muhürta is 1/3o of a nychthemeron, i.e. 0;48h. When the Sun is at the be
ginning of Capricorn the length of daylight is assumed to be 9 + 3 = 12 muhûrtas, 
i.e. 9;36h. For each subsequent sign 1 muhürta is added until Aries. From there on 
the number of signs has to be added to 15 until Cancer and similarly for the length 
of night which increases after Cancer. The result is a linear zigzag function for the 
length of daylight with a ratio 2:3 for shortest to longest daylight (cf. Table 4). For 
this originally Babylonian ratio see Sphujidhvaja’s Yavanajätaka 1,68 and 79,31; 
cf. also Varähamihira’s Brhajjätaka 1,19, and XII,5 below.

Table 4.

0° Daylight 0°

5 12muh = 9;36h 5
13 10;24 X*

)( 14 11 ;12 m
Y 15 12 _n_
« 16 12;48 up
I 17 13 ;36 P

18 14;24

11,9-10.  Rules for the length sn of the noon shadow of a vertical gnomon at a locality 
for which the geographical latitude cp equals the obliquity e of the ecliptic. Consequently 
sn = 0 at the summer solstice, i.e. at a solar longitude 2 = 3s. It is furthermore assumed 
that sn increases linearly with 2 units per sign :

sn = 2a for 2 = (3 + a)s
a = 0, 1,. . ., 6

sn = 12 - 2a for 2 = (9 + a)s

Conversely one can find the solar longitude from the length sn of the noon shadow:

Â = (ïï + 3) for - 2 - 30

2 = ^15- 50 2 á ®0.

For the equinoctial noon shadow (a = 3) and with cp = e one would have a gnomon

g = 6 cot e ™ 6-2;15 = 13;30.

Because of the crudeness of the scheme a gnomon of length 12 is not quite excluded 
by this estimate.

11,11-13.  Let 2(H) be the longitude of the rising point of the ecliptic, 2 the longitude 
of the Sun, sn the noon shadow, s the shadow at any time of the day. Then the text 
states that
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and conversely

2(H) = À +

2(H) = Å +

1 2 + S - .Sn
before noon

after noon

s = Sn — 12 +
64800

before noon

64800
10800 -(2(H)-2)

after noon

(1)

(2)

where 2(H)-2 should be reckoned in minutes of arc.
Since (2) results from (1) by solving for s we need only to discuss (1). Substi

tuting in (1) s = sn = 0 one obtains 2(H) = 2 + 3 signs which is correct for 2 = @0° 
under the assumption that the sun is in the zenith as would be the case for <p = e 
(cf. 11,9-10). Substituting s = oo one finds 2 = 2(H) or 2 = 2(H)+ 6 signs as is cor
rect for sunrise or sunset respectively.

If one generally substitutes s = sn one obtains 2(H) = 2 + 3 signs which is, 
however, not generally true because the culminating point of the ecliptic and the 
nonagesimal need not to coincide.

Chapter III

111,1.  The rule that the number of revolutions of the Sun is obtained from the ahar- 
gana a by multiplying it by 120/43831 = 2,0/12,10,31 = l/6,5;15,30 shows that one 
sidereal year is assumed to be 365; 15,30 days long. This value is well know n during 
the Middle Ages. Battânï, e.g., calls it “Babylonian”.1)

111,2-3.  The equation of center for the Sun is given for 30° sections of anomaly. 
Since one is directed to add 20° to the longitude of the Sun it is clear that these sec
tions begin at 20° of each sign. Hence the solar apogee is located at 4(20°, as in the 
ärdharätrika system.

Fig. 3 shows as a continuous curve the function 1 ;12 sin a. The points marked 
by X give the values of the equation found in the text at arguments 10°, 40°, 70°, 
etc. (cf. Table 5). Since K20 corresponds to a = 0 wTe may also say that the points X 
correspond to ®0°, Ç10°,. . . etc. The very close agreement of the points x w ith 1 ;12 
sin a shows that the maximum equation for the Sun was assumed to be 1 ;12°, almost 
exactly one half of the value in the Almagest (2;23°).

111,4  and 9. The lunar velocity v is here described as a linear zigzag function with 
the following parameters

x) Cf. Nallino, Battânï I p. 40 and p. 127 (4).
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m = 702 minutes in 9 padas, i.e. 11 ; 420/d

M = 879 minutes in 9 padas, i.e. 14 ;390/d

9-10 . . l;30°/d
d =------- in 9 padas, i.e. — per day.

(O

This is the same function which we derived from 11,2 to 6, excepting M which had
1

previously the value 14:394------as is necessary if one wishes to obtain the exact
7,0

Table 5.

a 11 ;12 sina| Text a

0 0 360
10 170 0;12,30 — 0;ll + 0;10 190 350
20 160 0;24,39 0;25 + 0;25 200 340
30 150 0;36 210 330
40 140 0;46,17 -0;48 + 0;48 220 320
50 130 0;55, 9 — 0;54 + 0;54 230 310
60 120 1; 2,21 240 300
70 110 1; 7,39 - 1 ; 9 + l;10 250 290
80 100 l;10,54 — 1 ;10 + 1 ;11 260 280

90 1 ;12 270
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period of 248/9 days for the anomalistic month. Obviously the value of M in (1) 
is only a convenient rounding for the value in 11,2-6.

Separated from III,4 by different rules for the lunar equation (111,5-8) is III,9 
where it is said that the longitude of the Moon Â(/ + l) at the moment t+1 is found 
from Â(/) by adding to it u(t + 1) as determined from (1).

111,5-8.  These verses deal with the determination of the lunar equation, i.e. with 
the correction 9 which must be added to, or subtracted from, the mean longitude 
to give the true longitude. This function 0 has the value zero at the apogee and the 
perigee of the lunar orbit. Otherwise it is here assumed that the differences /10 form 
a linear zigzag function of period Pl2, P = 27;33,20d being the anomalistic month. 
Consequently 0 is represented by a difference sequence of second order.

The rules of the text distinguish between the first and the second half of the 
anomalistic month, beginning at the apogee. As in 11,2-6 the anomalistic month is 

ld
again divided into 248 “padas” (cf. p. 17) such that lp =

For the first half, or more specifically, for

0 á p á 120 or 0 13;20d (la)

one finds 0 (i.e. the negative equation) from

0 - (5261 -40(p-l))  ̂ (lb)

reckoned in minutes. Proceeding again as in 11,2-6 one can replace (lb) by the 
equivalent rule

/ o ; 4\
0 - 0;4 + —li(f-l) (2)

which shows that
/ 0;8\

Zl0 = 1 ; 1 - I 0;8 + — If = 1 ; 1 ° - 0 ; 8,53,20 • C (3)

The maximum equation should occur at t = ±P = 6;53,20d. Substituting this value 
in (2) one obtains

0max = 3;59,55,. . .° ~ 4° (4)

while (3) gives A9 = — 0;0,14,. . . 0 as it should be. The equation (4) would cor
respond to an eccentricity of 3;49 for R = 60.

In the discussion of 11,2-6 we have seen (p. 20) that the velocity function (1) 
of 111,4 leads to a maximum equation of 5;5°. Consequently it is certain that 111,5-8 
is unrelated to III,4 and III,9 which are the equivalent to 11,2-6.

One can again ask how the parameters could have been determined which 
underly the rules (2) and (3). Obviously one intended to construct a function 0 of the 
type shown in Fig. 2 p. 21 i.e. a sequence of second order such that
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and therefore
zl9 = a - dt

0 = at-±dt(t- 1). (6)

of determining the two parameters

1,2
(7)9

Hence our question boils down to the problem 
a and d.

Here one has to start with

^max
P

= 4° at t = -
4

At that point Z19 must be zero; thus from (5)

Substituting this relation in (6) one finds

hence
Ømax = y, dP(P + 4)

d =
32

P(P + 4)
9max-

(8)

(9)

Using the values from (7) this gives

5,24 0;8 1 ; 20
d = ----- = 0;8,49,56,. . . ~ 0;8,50 ~ 0;8+ —

36,41 9 9
(10a)

(10b)

One would have obtained exactly d = 1 ; 20/9 if P 27 ; 27, 30 and from it exactly a = 1 ; 1 
if P 27;27. The effect of these inaccuracies is clearly visible in Fig. 4.

As a result of these operations one can determine the equation 9 which concerns 
P

the time between 0 and — (and should be subtracted from the mean positions). For 

the second half of the interval the equation could have been found simply on the basis 
of symmetry, counting backwards from the endpoint of the anomalistic month. In 
fact, however, the text instructs us (in III,6) to use for p > 120 the amounts

p = p-120 (H)

and to find the equation 0' from the same expression as 0 in (lb)
/

0' - (5261 - 40(p'~ 1))~ (12)
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but only as long as
0 < p' 63. (13)

What happens from here on is difficult to motivate. If we interpret the text 
correctly (as is by no means certain) the value found for // = 63 is kept valid until 
// = 70. At p' = 70, however, a value is assumed as found from (12) for p = —= 
622/g, i.e. a value which is practically ömax- But by moving it to p' = 70 the maximum 
area is extended instead of shortened (as 6 should have shown; cf. Fig. 4). In other 
words from p' = 70 on one introduces a new variable

/'=//-69 (14)
and computes

0' - (5261 -40(/>"-l))^. (15)

This leads for p" = 55 to an equation of about 1 ;54° instead of to a value nearly 
zero. The text seems to say that 0 = 0 for p’ = 60; actually p' = 59 would correspond 
to P. It would have been much better to use (12) for the whole second half of an 
anomalistic month.

Ill,9 see III,4.
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Table 6.

t e t t' 0'

Id i; i 13;20d 0 0
2 1 ;53, 6,40 14 ;20 1 i; 1
3 2;36,20 15 ;20 2 1 ;53, 6,40
4 3;10,40 16;20 3 2;36,20

5 3;36, 6,40 17;20 4 3;10,40
6 3;52,40 18;20 5 3;36, 6,40
7 4; 0,20 19;20 6 3;52,40
8 3;59, 6,40 20;20 7 4; 0,20
9 3 ;49 t t"

10 3;30
11 3; 2, 6,40 21 0 4; 0, 1,. . .
12 2;25,20 22 1 3;59,34,. . .
13 1 ;39,40 23 2 3;50,13,. . .

P = 24 3 3;31,59,...
120 13;20 1;22,26,. . .

25 4 3; 4,52,. . .
14 0;45, 6,40 26 5 2;28,51,. . .

27 6 1 ;43,57,. . .

27;40 0

111,10-11.  We associate the indices i = 0, 1, 2, 3 with tlie longitudes 0, 30, 60, 90 
respectively. The remaining quadrants of the ecliptic need no special discussion since 
all steps can be repeated with proper symmetries.

The text gives rules for finding the length of daylight Ci counted in vinadis 
where 360° = 3600vin. At equinox Co = 1800vin and in general

Cí= 1800 + 2wí (1)

where a>i is the arc a> shown in Tig. 5, for Â = i-30. The geographical latitude <p is 
characterized by the equinoctial noon shadow so of a vertical gnomon of length g = 12. 
The text gives coefficients such that

soyi = ‘2(a>i - coi-i). (2)

Since obviously coo = 0 the formula (2) suffices to find all a>i and thus all Ci. The 
values given for the yi are

yi = 20vin y2 = 16;30vin y3 = 6;45vin. (3)

It is not difficult to derive, at least approximately, these values from other known 
data. Let ôi be the declination of the Sun. Then Fig. 5 shows that
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tand
cot 99 = —---- .

sin co (4)

Now
cot (p - g ¡so (->)

and
tand = R sinÔ/r = Sind/r (6)

where r is the “day radius” (ei'. Fig. 6) of the Sun. Thus

R Sin Ô so
Sin co = • (7)

r 9

For geographical latitudes near 24° the quantities co can be considered to be small 
angles for which the approximation

Sin co 2co° (8)
is permissible.1) Thus from (7)

R Sind so
2 co ~ -------------

r g
with R = 120 and g = 12, d = 2r:

„ 20 Sind 200 Sind
2co° -so hence 2covin = —— -so. (9)

d d

We do not know the exact values used for the declination Ô and for d but the proper 
order of magnitude is found when using the parameters given in IV,23—25 (cf. Table 7). 
The values of the coefficients /i in (3) agree well enough with the result of our com
putation to leave little doubt as to the correctness of our reconstruction.

111,12. The region between the Himalayas and the ocean is Bhäratavarsa, the Indian 
sub-continent, corresponding to latitudes cp roughly between 10° and 30°. For this

x) This approximation implies two more assumptions:
(a) (b) R = 120.

o 180For small a, counted in radians, we have siri a æ a, thus Sina«s/?a and consequently (aR) &----  Sina«=
60 Sin a because of (a) and finally 2a°æSina because of (b). n 
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area ep is sufficiently near to G 24° to justify the approximation (8) in 111,10—11. 
The reference for the further explanations is to XIV, 1—4.

111,13. The true distances of Avanti (= Ujjayini) and Varanasi (= Benares) from 
Yavanapura, assuming that the last is Alexandria in Egypt, are 45;50° and 53;7°. 
The distances given in the text are 0;7,20d = 44° and 0;9d = 54° respectively.

A result of this type, if not purely accidental, could only have been obtained 
from the observation of lunar eclipses. The procedure described in the next verse is 
not applicable for larger distances.

Table 7.

i Sin <5¡ di
200 Sin <5i 2(toi — o>i — i)

so
31

di

0 0 4,0=27? 0 0
1 24;24 3,55 20;46 20;46vin 2ovin
2 42;15 3,44 ;40 37 ;37 16 ;51 16;30
3 48;48 3,39 ;15 44 ;31 6 ;54 6;45

111,14. If cl is the shortest distance between two localities, measured in yojanas, 
while their geographical latitudes diller by Ab degrees, the longitudinal difference, 
in degrees, is found from

JZ = p (9d/80)2 - Ab2

and hence the difference of local time ZlZ/6 nädikäs.
The factor 9/80 is based on assuming 3200 yojanas for the equatorial circum-

ference of the earth, hence
360° 9°
3200 ~ 80’

The same parameter is found in IX, 10 and in XIII, 15-16.

111.15. A fragmentary passage which in the present form makes no sense, e.g., be
cause one cannot add longitudinal differences and ascensional differences.

111.16. Gf. 11,7 and p. 22.

111.17. The daily velocity of the Sun as function of its longitude is assumed to be 
l°/d plus a small correction, constant in each sign (cf. the graph Fig. 7). The apogee 
lies correctly in Gemini if we assume that the enumeration begins with Aries. The 
arithmetical mean of the twelve given values is 0;59o/d, the same as the mean value 
between the minimum 0;57°/d and the maximum 1 ;l°/d.

Obviously there is no astronomical reason for the asymmetry of the given values 
nor can such data be the result of direct observations. On the other hand, the text 
does not allow for plausible emendations. Hence it is probably a distorted tradition 
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on which the extant text is based. It is, of course, not difficult to reconstruct a sym
metric distribution, without changing either the extrema or the mean value. The dotted 
graph in Fig. 7, changing only two numbers by 0;l respectively leads, e.g., to a typical 
“System B” type1) of distribution.

111,18-19. A karana is half of a tithi or the period in which the elongation of the 
Moon from the Sun increases by 6° = 360'.

Four of the 60 karanas thus contained in one synodic month are called “fixed’’ 
because the same name is always associated with them: the first karana after con
junction, n = 1, is Kimstughna, and at the end n = 58 is Sakuni, n = 59 is Catuspada, 
n = 60 is Näga. The remaining 56 karanas are called “movable” and are divided

Fig. 7.

into 8 series of 7 each, named in order Bava, Bälava, Kaulava, Taitila, Gara, Vanij, 
and Visti (see Brhatsamhitä 99,4-5).

Consequently, in the first half of the month, in the suklapaksa, the second 
karana has the name Bava, i.e., the number k = 1 among the movable karanas and 
in general

k = n — 1 mod. 7 (1)

where n is the consecutively counted number of the karana (i.e., n = 1,2, . . ., 60) 
and Á- the order number of the names of the movable karanas (i.e., beginning with 
Bava, k = 1 and ending with Visti, À' = 7).

In the second half of the month, i.e., in the krsnapaksa, the first karana has the 
number n = 31 but k = 2. Hence, if we count the karanas of the krsnapaksa from 
n = 1 to 30 we have now

k = n + 1 mod. 7. (2)

In order to find n in the suklapaksa one takes the elongation Åm — Åa = AÅ° 
where Âm and Åa are the longitudes of Moon and Sun respectively, reckoned in minu
tes, zU° the corresponding elongation in degrees. We furthermore assume that these 
elongations refer to the upper end of a karana such that, e.g., AÅ° = 6° for the first 
karana (n = 1). With these assumptions one can express (1) in the form

zir
k =------- 1

6
(Am - ;s) - 360'

360
(la)

x) Cf., e.g., Neugebauer, Exact Sci.(2) p. 159.
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For n in the krsnapaksa we have only to replace Z12° 
and obtain from (2)

zU'° (Am + 180°-xs) + 360'
k =------- F 1 = ------------------------------- .

6 360

by zur = dr+ 180°

(2a)

111,20-22. The vaidhrta occurs when the Sun and the Moon are equidistant from 
and on opposite sides of an equinox; then

2s + Âm = 360°. (1)

The vyatipäta occurs when the Sun and Moon are equidistant from and on opposite 
sides of a solstice; then

2S + zm = 180°. (2)

This simple scheme is modified by the assumption of a trepidation of the sol
stices and equinoxes over an arc of 46;40°. The summer solstice is assumed by Varä- 
hamihira to be at Cancer 0° in his own time, in the middle of the arc of trepidation.1) 
But the summer solstice was once in the middle of Äslesä (i.e. Cancer 23;20°), and 
again it will be at Gemini 6;40°. At this latter extreme the vyatipäta produces, instead 
of (2), the sum

As + Am = 180°-46;40° = 133;20°.

This implies that the base vyatipäta occurred when the summer solstice was at Cancer 
23;20°.

The choice of an arc of 23;20° is here associated with the obliquity of the ecliptic, 
though elsewhere that is stated to be 23;40° (IV, 16-18) or 24° (IV,24). In fact the 
choice of the arc must be motivated by the statement in the Jyotisavedänga (Rk 6 = 
Yajus 7) that the northern ayana of the Sun begins at Dhanisthä, i.e., at Capricorn 
23;20°.

Varähamihira states in the Brhatsamhitä (2,1):

äslesärdhäd daksinam uttaram ayanain raver dhanisthädyam/
nünam kadäcid asid yenoktam pürvasästresu//

“Once, according to what is said in ancient treatises, the southern ayana of the Sun 
was from the middle of Äslesä, and the northern began with Dhanisthä.“

The Jyotisavedänga placed the beginning of the Sun’s northern ayana in Dha
nisthä because its list of naksatras began with Krttikä (as do those in the Atharvaveda 
and in the Samhitäs) rather than with Asvini. The true difference between the two 
starting points is 26;40° not 23;20°.

p As is usual in this and in other texts of Indian astronomy, all longitudes are sidereal, save in cases 
in which the declination of the Sun plays a role. For the sidereal coordinates the beginning of Aries is identical 
with the beginning of the nakçatra Aévinï.

Hist. Filos. Skr.Dan.Vid.Selsk. 6, no. 1. 3
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111,23-24. The çadasîtimukhas divide the ecliptic into four equal arcs of 86° each 
and one remaining arc of 16°. The four equal arcs are:

Libra 0° to Sagittarius 26°, Sagittarius 26° to Pisces 22°,
Pisces 22° to Gemini 18°, Gemini 18° to Virgo 14°.

The remaining arc from Virgo 14° to Libra 0° completes the circle. The modern 
Süryasiddhänta (XIV,6) states that one must sacrifice to the Pitrs on the 16 days that 
do not fall in a saçlasïtimukha; the reason for this practice is not mentioned.

111.25. For the seasons or rtus see Part I p. 187. The expression is reminiscent of 
the passage in the Paräsaratantra cited by Utpala (on Brhatsamhitä 2,1): “While 
the Sun travels from the beginning of Sravisthä (= Dhanisthä) to the end of Pauçna 
(= Revatï) it is Sisira; from the end of Pausna to the end of Rohini, Vasanta; from 
the beginning of Saumya (= Mrgasiras) to the middle of Särpa (= Äslesä), Grisma; 
from the middle of Särpa to the end of Hasta, Prävrt (= Värsa); from the beginning 
of Citrä to the middle of Indra (= Jyesthä), Sarat; and from the middle of Jyesthä 
to the end of Vaisnava (= Sravana), Hemanta.’’

Paräsara adheres to the old scheme of the Jyotisavedänga. Varähamihira’s 
verse is intended to bring the calendar in line with his solstice position.

111.26. The problem is to find the time in uadis that it takes the disc of the Sun to 
traverse a point on the ecliptic. If vB is the daily progress of the Sun in minutes, then 
ns/60 is the motion during one nädi. Consequently it takes 60 dB/vB nädis for the 
Sun to move the da minutes of its apparent diameter. The mean diameter of the Sun 
is stated in VIII, 13 to be 0;30°.

This solution is specifically applied to the saiikräntis or entries of the Sun into 
a zodiacal sign, which are auspicious. By computation of the Sun’s longitude the 
moment of the entry of its center into a sign is determined; the period of auspicious
ness is assumed to extend over the length of time determined in this verse, half taken 
before, half after the computed moment.

111,27. Three possibilities exist: that a true tithi (r) be longer than the sävana (sun
rise) day, that it be equal to it, or that it be shorter than it. For the first case Fig. 8A 
illustrates the situation when the tithi participates in three days while Fig. 8B shows 
for a short tithi the case in which one day participates in three tithis.
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111,28-29. These verses concern the retrograde motion of the lunar nodes. Since 
the ahargana a is to be multiplied by 8/151 we have in first approximation a daily 
motion of the nodes by

8/151 = 8/2,31 0;3,10,43,42,31,. . ,°/d.

At this rate one revolution requires exactly

2,31 -6,0/8 = l,53,15d.

Consequently the number of revolutions of the nodes during a days is a/1,53,15. For 
each revolution a correction of +1' of retrograde motion is required. Thus the daily 
motion is given by1)

8 1
----- +--------------- ~ 0;3,10,43,42,31 4 0;(),(),0,31,47 0;3,10,44,14,18,. . .°/d.
2,31 1,53,15,0

In 111,29 the ascending node at epoch is placed at Scorpio 25;59° (2 = 235;59°). 
Modern tables2) give for 505 March 22 for the ascending node about Scorpio 25;54°. 
Varâhamihira’s Sùryasiddhânta would place it at Scorpio 26;6,57°; see below IX,5.

111,30-31. The variation of the lunar latitude is treated as a simple linear zigzag 
function with 4;40° as maximum, a value which seems to be attested nowhere else. 
The value in IX,6 is the more common one 4;30°.

111,32-35. These verses are evidently based on some obscure speculation in the 
Romakasiddhänta about the duration of creation. 111,33 seems to belong naturally 
with XV, 17-27.

The separation of tithi and naksatra presumably means that at the first tithi of 
the month the Moon is not in the first naksatra, Asvini; this separation is supposed 
to be an auspicious muhürta for the pratipatti, i.e. the beginning of any action (or 
the beginning of creation?). However, if on a bhadrä tithi (the 2nd, 7th, or 12th in 
any paksa3)) the Moon is in Sravana (Sagittarius 10° to 23;20°), the muhürta is 
inauspicious. The inauspiciousness arises from the fact that the creation ceases at 
such a yuga, i.e. when the conjunction of the Sun and Moon (the first tithi) occurs 
in Uttaräsädhä, i.e. at the winter solstice. This is reminiscent of Hellenistic specula
tions regarding a “world-year.”4)

The 68 550 years in 111,34 is derived from the Romakasiddhänta; it is equal 
to 24-19-150 + 150 = 19,2,30, where 19-150 = 2850 years is the Romaka’s yuga (cf. 
1,15). The significance of this computation is obscure.

b Cf. also IX,5.
2) Ernest W. Brown, Tables of the Motion of the Moon (New Haven 1919) Section II.
3) The 15 tithis of every half-month are divided into three equal series whose members are conse

cutively called manda, bhadrä, vijayä, riktä, and pûrnâ; see Brhatsamhitä 99,2.
■’) See e.g., B. L. van der Waerden, Hermes 80 (1952) p. 129-155.

3*
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The meaning of 111,35 also defies comprehension. Dikshit [1890 a] has indeed 
demonstrated that, by the elements of Varähamihira’s Süryasiddhänta, the Caitra 
whose pratipad is used as epoch in this karana is pürnimänta; but there is no reason 
to compute the longitudes of the Sun and Moon for the pürnimä of that month. More
over, at Caitrapürnimä the Moon must be close to Libra 0° so that the Moon on the 
ninth tithi is far from Punarvasu (Gemini 20° to Cancer 3;20°). The reference to 
Punarvasu rather suggests an ecpyrosis at the summer solstice as we had a cataclysm 
at the winter solstice (111,32), but the text as it stands does not allow us to arrive at 
this interpretation.

111,36-38. The need to select the proper times (muhürta) for the twice-born (Bräh- 
mana, Ksatriya, or Vaisya) to perform the various srauta (Vedic) and smärta (cu
stomary) rituals is one of the principal motivations for the study of astronomy in 
India. Therefore those who despise astronomy as being inaccurate as well as those 
who incorrectly practice it are suitably punished, while experts in the field are re
warded in the traditional manner. Compare IX,8 in the Paitâmahasiddhânta of the 
Visnudharmottarapuräna.

Finally a formula is given to obtain Sin a from Sin 2 a, i.e., to go from Sin 30° to 
Sin 15°, Sin7;30°, Sin3;45°:

Chapter IV

IV,1-5. Let c be the circumference of a circle of radius /?, d its diameter. It is assumed
that

d = |/c2/l0 (1)
hence

n = |/10 3.162 instead of % 3.141. (la)
Furthermore

Sin 30° = |ÄR2/4 = 7?/2 1
Sin 60° = |/tf2-7?2/4 = Z4 '3/2.

1(2)

ÍR — Sin(90 - 2a)\2 /Sin 2a \2
Si»2 - - (---------- g-----------) + [-y J ■ (3)

This formula can easily be obtained from the relation between chord- and sine
function (cf. Fig. 9):

Crd2# = Vers2# + Sin2#
and

0
Crd# = 2 Sin —2

give indeed
0

4 Sin2- = (/? - Cos#)2 + Sin2#.
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The relation (3) is the equivalent of

4 sin2a = (1-2 cos 2a + cos22a) + sin22a = 2-2 cos2a 
hence

2 sin2a = 1 -cos2a. (4)

Also this form is found in our text (IV,5):

Sin2a = 60(7? - Sin(90 - 2a)) (5)

which follows from (4) if 7? = 120.

IV,6-15. Table 8 shows the numerical equivalents of the numbers described in these 
verses. The units are called “minutes” and “seconds” but in fact the “minutes” are 
the same units in which R counts as 120. The terminology is derived from the earlier 
Sine-table in the Paitämahasiddhänta of the Visnudharmottarapuräna (111,12) in 
which the radius as well as the circumference are reckoned in minutes (R = 3438 = 
57,18, c = 21 600 = 6,0,0).

IV,16-18. These verses concern the solar declinations (ó) for which the text gives 
the differences (Aô) in steps of 7;30° of longitude (cf. Table 9). The trend of these 
differences is rather irregular (cf. Fig. 10) but the effect on the declinations them
selves is not very visible. The total for 90° is

e = 23;40°. (1)

and that this was intentional is shown by the statement in IV, 16 that

Sine = 48; 9

which is indeed correct for e = 23;40°.
From IV,23-25 one derives the round value e = 24°.

(2)
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Table 8.

a sin a Sin120 a
Text

Sin120 a d
Text

d

3 ;45° 0; 3,55,27 7 ;50,54 7;51 7;50,54 7 ;51
7;30 7,49,54 15;39,48 15;40 7;48,54 7 ;49

11 ;15 11,42,20 23;24,40 23;25 7;44,52 7 ;45
15 15,31,45 31; 3,30 31; 4( + ) 7;38,50 7 ;39

18;45 19,17,11 38;34,22 38;34 7;30,52 7;30(—)
22;30 22,57,40 45;55,20 45;56(+) 7;20,58 7,22( + )
26 ;15 26,32,14 53; 4,28 53; 5(+) 7; 9, 8 7; 9
30 30 1, o 1, 0 6;55,32 6 ;55(—)

33;45 33,20, 3 1, 6;40, 6 1, 6;40 6;40, 6 6 ;40
37;30 36,31,32 1,13; 3, 4 1,13; 3 6;22,58 6 ;23
41;15 39,33,39 1,19; 7,18 1,19; 7 6; 4,14 6; 4
45 42,25,35 l,24;51,10 1,24 ;51 5;43,52 5 ;44

48;45 45, 6,37 l,30;13,14 1,30 ;13 5;22, 4 5 ;22
52 ;30 47,36, 4 1,35;12, 8 1,35;12 4;58,54 4;59
56;15 49,53,17 1,39;46,34 1,39;46(_) 4;34,26 4;34
60 51,57,41 1,43;55,22 1,43;55 4; 8,48 4;11( + )

63;45 53,48,45 l,47;37,30 1,47;37(-) 3;42, 8 3;42
67;30 55,25,58 l,50;51,56 l,50;52 3;14,26 3;15(+)
71 ;15 56,48,57 1,53;37,54 1,53 ;37( —) 2;45,58 2;45(-)
75 57,57,20 l,55;54,40 1,55;55 2;16,46 2;18( + )

78 ;45 58,50,50 l,57;41,40 1,57 ;42 1 ;47, 0 1 ;47
82;30 59,29,12 1,58;58,24 1,58;59(+) 1 ;16,44 1;17
86;15 59,52,18 1,59;44,36 1,59;44(-) 0;46,12 0;45(-)
90 1; 0, 0, 0 2, 0; 0, 0 2, 0; 0 0;15,24 0;16( + )

Fig- H-

So S

O

A B
Fig. 12.
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Table 9.

Å ZIÂ 0

7;30° 190' = 3; 10° 3;10°
15 183 3; 3 6 ;13
22;30 175 2 ;55 9; 8
30 166 2;46 11 ;54

37;30 142'= 2;22° 14 ;16
45 133 2 ;13 16;29
52;30 121 2; 1 18 ;30
60 103 1 ;43 20;13

67;30 90 = 1 ;30° 21 ;43
75 63 1 ; 3 22;46
82;30 43 0 ;43 23;29
90 11 0;l 1 23;40

IV,19. Construction of the cardinal directions in a horizontal plane (cf. Fig. 11) 
If G is the foot of a gnomon, E', W' the intersections of a shadow-curve with a circle 
of center G (why of radius 4<j?); perpendicular to E'W' (based on a “barley-corn 
figure’’ N'S') is the N-S direction.

IV,20-23. The following formulae are direct consequences of Fig. 12A and B, as
suming 77 = 120 and g = 12:

Simp = 120s0/|/sq + 144 (1)

s = 12 Sin(<p ± ó)/|/772 — Sin2(<p ± Ô) (2 )

Simp = |/t?2 - Sin2<p. (3)

The second part of IV,21 implies that, when one replaces the equinoctial noon shadow 
.so in (1) by s, the noon shadow at any day, one obtains the Sine of the Sun’s coal
titude h :  ,-------

Sin h = 7?.s/1/ s2 + g2 (la)

and again <p from h by adding (algebraically) the declination:

(p = h + ô. (1 b)

IV,23-25. It follows from Fig. 6 (p. 30) that the radius r of the Sun’s daycircle al 
a declination ô is given by

r = |//?2 — Sin2 ó (1 )

measured in units in which 7? = 120. In the text we have the following numerical 
relations
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As:
Sind:

2r:

30° 60° 90°
24;24 42;15 48;48 
3,55 3,44;40 3,39; 15.

(2)

It follows from (1) that one should have Sin2ó + r2 = Z?2 = 4,0,0. In fact one obtains 
from (2) for Sin2ó + r2 the values

3,54,51;... 4,0,3;... 3,59,58;...

respectively. Since the last number agrees best we may use correspondingly

48;48 = Sine (3)

for the determination of the obliquity e of the ecliptic and find by linear interpolation 
in Table 8 (p. 38) of IV,6-151)

e = d Sinco/240

e = 24;0,12,. . . 24° (4)

a much used round value, but different from the value used in IV,16—18.

IV,26. The following rule is given for the determination of the ascensional differen
ces a> (cf. Fig. 5 p. 30):

Sino?-/? -Sind2 covin = øg------. (1)
Sin (p-d-3

Its correctness follows from (6) in 111,10—12 (with R = 120, g = 12, d = 2r):

(2)

the “earth-Sin” e fromIV,27-28. Computing first

(1)
linds cp fromone

(2)

from Fig. 13:proof follows readilyThe

and

« Sco = — Sin o tan 
r

q.e.d. Cf. also IV,34.
If we reckon co in degrees instead of in vinâdikâs we obtain from (1) simply

(cf. 111,10-12 (7) and
9 Accurate would be arc Sin 48 ;48 = 23;59,45°.

e = Sin ó tan (p
(5))
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Sin to = — Sin ó tan
r

which gives (1) if R = 120. Fig. 13 shows furthermore that

which proves (2).

sin 99 = e/A() AO2 = e2 + Sin2<5

IV,29-30. Let us assume that 2 is a longitude within the first quadrant of the ecliptic;
for the remaining quadrants obvious symmetries hold. Then the
a(2) are determined by

Sin a = 2JÍ,---------- ;—— I Sin22 — Sin2 <5. 
d

right ascensions

(1)

If, in particular, a obtained from (1) is measured in degrees, then 10 a is the right 
ascension measured in vinädis.

For the endpoints of the first three signs the text gives data which agree very 
well with the values found in the Almagest:

Y: 278vin = 27 ;48°
V: 299 29;54
H: 323 32;18

Alm. 11,8: 27;5O° 
29; 54 
32;16.

Proof of (1): It follows from Fig. 14 that1)

9 It is not necessary to assume here the use of spherical trigonometry (Fig. 14) since the same re
lation can be readily obtained from an “analemma” (Fig. 15).

ro = R cos £.

sin a tan ó sin e COS £

sin A tang sin ô COSÔ

where ro is the day-radius for Â = 90° i.e. for Ó = £

(2)

(3)

(4)
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Hence from (3) and (2)

Sina = °SinA = — SinAcose = Sin AI 1—sin2e
r r r r

R . ,------------- ——-= — Sin A[/1 - (Sin2d/Sin2 A)
r

q.e.d.

IV,31. The différence between the right ascension a(A) of a point of the ecliptic of 
longitude A and the corresponding oblique ascension o(A) is the quantity co(A) (cf. 
Fig. 5 p. 30):

co(A) = a(A) — @(A) (1)

which, in the terminology of the text, is half of the “ascensional difference’’ 2co.
Since there is always one semicircle of the ecliptic above the horizon the rising 

time of A equals the setting time of A+180.

IV,32-33. When the Sun is on the northern semicircle (gola) of the ecliptic the de
clination Ô is positive and one can compute the altitude hp of the Sun in the prime 
vertical (cf. the projection on the meridian in Fig. 16) from

SinÅp = Sind/Sinç;. (1)

Having found the altitude hp of the Sun, the time (after sunrise or before sunset) 
when the Sun crosses the prime vertical can be computed, but the text does not tell 
us how this should be done.

IV,34. The increase of the length of daylight over 12 hours = 30 nädikäs is given by

2R -Sin ó Sin a»
2con = ----------- • . _

Qd Sinç? (1)
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This, in fact, is only a repetition of IV,26. It is here out of place since IV,35, 36, 38 
return to the problems connected with the crossing of the prime vertical by the Sun.

IV,35-36. As in IV,32-33 we assume â > 0. Then

Sin hp (1)

This follows immediately from (1) in IV,32—33 since with (2) in IV,29—30

/? Sinô = SinÂ Sine.

IV,37. By marking on the circle, whose center is the foot of the gnomon, the point 
that the gnomon-shadow at dawn intersects, one obtains the ortive amplitude by ob
servation; from this can be computed ó by IV,39 and hence the longitude Â of the Sun.

IV,38. The Sun is in the prime vertical when the shadow of a vertical gnomon falls 
in the east-west line.

IV,39-40. The ortive- or setting-amplitude of the Sun at declination ó can be found 
from

Sin// = R Sinó/Sinq?. (1)

This follows from Fig. 16 because BO = Sin?; and sinç? = Sinô/BO. Conversely (1) 
can be used to find cp and cp from

Sinip = R Sinô/Sinr/. (2)

IV,41-44. Determination of the length of the shadow of a vertical gnomon at a given 
time /n (in nädikäs) after sunrise. From the given time

t° = 6/11 (1)

and the ascensional difference found from IV,26 or IV,34

"° = Tiï 2o)vin (2)
one finds a time interval

C = f° Tco° if <5 > 0. (3)

From IV,23-25 the diameter of the day-circle is known, hence one can compute the 
altitude h of the sun from

Sin h (4)

and thus the length of the shadow

s = —1 R2 — Sin2/?
Sinfi (5)
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where for li = 120
2/?2 = 28 800 H2 = 14 400.

The proof follows from Fig. 17 which represents the plane of the meridian with 
half of the (lay-circle turned into it, the Sun being at Z. Then

E'B = Z’'C±CB = r sin f ± r sin co = — (Sin/'± Sin co) ó > 0. 
/r 7

Furthermore
Sinh/Z'B = Sinç?//?

(6)

(7)

which gives (4) using (6). Formula (5) means simply (cf. Fig. 18):

coth = s/g = |/fi2 — Sin2 h/Sinh. (8)

IV,45-47. This is the inverse problem to IV,41—44: find from the length .$ of the sha
dow the time tn after sunrise. One is directed to compute to given s a “first Sine’’ Si:

and from it

Then

and

Sin<p|/s2 + g2
gR2 = 12-1202 = 172 800 (9)

(10)

(H)

(12)

from which the time after sunrise in nadikas

/n = + CO). (13)
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Indeed, from (7) and Fdg. 18 (or IV,52)

R qR R
Si = ---- — —  = •— Sinh = ¿ B (14)

Sin(p I s2 + ç2 Sing?

which explains (9). Consequently (cf. Fig. 17) for ó < 0

S2 = X' B T tang? Sin ó = 27' B T e = X' C = r sin /' = — Sin t'
* R

therefore (11):
27?

Sin/ = S2—.
d

Finally (Fig. 17)
r

rsinco = — Sin co = e = tan wSin óR T
therefore

27?
Sin co = tan o? Sin ó-----

d
q.e.d.

IV,48—49. The relations developed in IV,41-47 for finding the time after sunrise 
(before noon) from the length of the shadow, and vice versa, are astronomically 
exact. What now follows is a crude approximation for the same problem, based on 
the simple assumption that the length s of the shadow at the time / after sunrise is 
given by

s=y+& (1)

with arbitrary constants a and b. This relation satisfies at least the condition s = cc 
for / = 0 and a/t is the simplest function to give this result.

If C is the length of daylight, measured in the same units as /, then it follows 
from (1) that the noon shadow so is given by

•so

Hence we have now instead of (1)

s (2)

where a is still an arbitrary constant. For no special reason the text chooses

a = 6C, (3)
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henee IV,49:
6 C

s =----- F .so - 12

and solving for t, IV,48:
6C

t = ------------ .
.s - .So + 12

(4)

(5)

IV,50-51. General remarks concerning the adaptation of the preceding rules to the 
Moon and the planets. In fact without value and out of place.

IV,52-54. It is supposed to be known: the solar longitude Â, the solar declination ó, 
the geographical latitude cp, the length .s of the shadow (g = 12), and the E-W-Iine 
in the plane of the horizon. One wishes to find the distance s' of the endpoint A of 
the shadow from the E-W-line (cf. Fig. 19B).

This problem is solved through the following steps. First one finds the altitude 
h of the Sun from

Sin h = gR/ÿs2 + g2 ( 1 )

(cf. Fig. 18 p. 44) and defines
Sin <p

Sin 6 = Sin 7?---- = . (2)
Sin 9?

This angle 0 is conventionally called the “Sun’s amplitude” (süryägrä). Furthermore 
the ortive amplitude g of the Sun is given by

Sin?/ = 7? Sinô/Sinç) (3a)
or
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Sinr/ = Sine • Sin 2/Sinçi (3b)

(cf. IV,39-40 (3) and IV,35-36 (2)). Then the “koti” s' is given by

s' = (Sin//=F SinØ)7is/7? ô < 0 (4)

where ha is the “hypotenuse” of the shadow, i.e.,

h8 = \/ s2 + g2. (5)

The distance GK on the east-west-line is called the “bähu”.
In order to prove (4) we consider in Fig. 19A the top O of the gnomon as the 

center of the celestial sphere and project the sun 27 onto 27' in the meridian plane. 
Similarly A'G = s' is the projection of the shadow s, ha = OA' the projection of the
hypotenuse OA. Let so = GB be the equinoctial noon shadow, then

A'B = :s' — So = m OH' = Sin r/
and because

in Sinr/ 7i's 7is 71s
71' = 027' 027' = 027 = 7?

we have 
in = Sing • ha/R. (6)

Furthermore with (2), (1), and (5):
</77 7is

SinÔ-7is/7? = Sin7i-tanç?-Tig/T? = — -tançs- = çtançp = .so
hs R

hence
.s' = in T .so ô < 0

as is correct according to Fig. 19A (drawn for ô < 0).

IV,55-56. Here the inverse problem to IV,52-54 is solved: find the solar longitude 2 
from observed s and s', y and e being known, g = 12. With

ha = ]/s2 + g2
one finds from (4)

Sinz/TSinØ = Rs'/ha. (6)

From (1) and (2) one finds SinØ, hence Sinr/ from (6) and Sin2 from (3b).
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Chapter V

V,l —3. If z12 is the elongation of the Moon from 
respective declinations, ß the lunar latitude, then

the Sun, Zló the difference of the 
we are told to compute

and from it

Finally one forms

and

A = |/'(d2 + Âô)(ZlJ-Jó) = |/zdÂ2-Zfô2

H = ßdö/A.

C = JA =F B at first visibility

C = M2 iß at last visibility

(1)

(2)

(3a)

(3b)

where the upper sign is to be used when the latitude ß has the same sign as AÔ = óm - ós, 
the lower sign in the opposite case.

For first visibility it is required that

o(C) _> 2 nadikas = 12° (4)

where q(C) is the setting time of the arc C, i.e., the rising time of C+180°.
In order to explain these rules we consider the situation near sunset at first 

visibility (of. Fig. 20), the Sun being at 27, the Moon at M, in the case that

U27 = M2 = 2(M) - 2(27) > 0 I
f (3) UV = Aó = 0(F)-0(27) > 0. I

Treating all triangles as plane we see that A in (1 ) represents the right ascensional 
difference

A = Ma = a(V) — a(27) = V27. (6)
Furthermore

Jó/A = UV/U27 = cotö = c/ß.
Therefore, from (2):

B = ß cotØ = c = UT (7)
and from (3a):

C = AÅ-c = U27- UT = T27 = z12:;: (8)

(which, incidentally, is the “polar longitude’’ of the Moon). The corresponding right 
ascensional difference is the setting time, i.e., the delay of moonset over sunset

g(C) = R27

which must exceed 12° in order to make the first crescent visible.
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V,4-7.  These verses concern the determination of the width o (sütra) of the illumi
nated sickle of the new crescent (cf. Fig. 21). We first give an astronomically plausible 
solution of the problem (cf. Fig. 22) and discuss only at the end how the erroneous 
formulation in the text may have originated.

Under all circumstances we may consider to be known the longitudes of Sun 
and Moon, hence also their elongation AÅ. Fig. 21 illustrates how the width of the 
sickle increases with A2. such that o can be found from

a = rm(l -coszU) (1)

where rm is the apparent radius of the Moon. According to V,4 the apparent dia
meter of the Moon contains 15 “parts”; the origin of this division is unknown but
it seems also to be used in XIV,38.

If one assumes that cosZU decreases linearly from 1 to 0 as AÅ increases from 
0° to 90° one can replace (1) by

AÅ AÅ
-----•15 = —
180 12 (2)

measured in “parts”. For AÅ = 90°, i.e. for quadrature, one obtains correctly c = 
7 ;30 = /’m»

In (1) we have tacitly assumed that the Moon lies in the ecliptic. If, however, 
the Moon is at a latitude ß, as shown in Fig. 22, then AÅ has to be replaced in (1) 
and (2) by ,----------

Ti = \/A^ + ß*.  (3)

This would solve our problem. The text, however, continues (cf. V,5) by forming 
the “koti” by combining ß and the arc of declination Aô

k = ß + Aö (4)

(with proper signs) as shown in Fig. 22; finally the bähu (or bhuja) is found from

0 = |/7U-F. (5)
4 Hist. Filos. Skr. Dan.Vid. Selsk. 6, no. 1.
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The reason for computing b = zla would be that zla 12° is the criterion for the 
visibility of the new crescent (cf. XVI,23 and XVII,58).

The formulation of the text (cf. Fig. 23) does not agree with this interpretation 
since it is said that the quantity a (the sütra) is to be laid off on the bhuja b (V,4) 
“which goes toward (the center of) the Moon’’ (V,7). It seems that h and b were 
interchanged, an error perhaps caused by the description of h as “the difference 
of Sun and Moon’’ (V,5) which would normally mean the longitudinal difference zlÂ 
and not the actual distance of the luminaries that is needed in our interpretation.

V,8-10.  Let U be the point of the ecliptic for which 2(U) = Â(M), hence U27 = AÅ 
(cf. Fig. 20). The rising time of this arc (or the setting time) gives the delay of sunrise 
over moonrise, or of moonset over sunset, in V,9 or V,10 respectively.

In V,8 is computed a quantity d from

= ß tan (p (1)

where so is the equinoctial noon shadow, </ = 12 the length of the gnomon. It seems 
as if d should represent a correction of the rising times, needed for lunar latitudes 
ß 0. In fact such a correction should depend on Â as is correctly implied in V,l-3.



Nr. 1 51

The influence of the lunar latitude will be expressed by (1) only if one identifies the 
ecliptic with the equator. In other words one may say that (1) is “in the mean’’ cor
rect and gives at least the proper sign for the influence of the latitude. But it seems 
strange that so crude a rule is given after a correct solution of the problem had been 
found in V,l—3.

Chapter VI

VI,1. In order to find the moment of opposition of Sun and Moon it is assumed that 
the longitudes of the two luminaries are known (found by some standard method 
of computation) for the sunrise after opposition (assuming that the eclipse occurs 
during night time). Let Âmr and Asr denote the longitudes of the Moon and the Sun 
respectively for the moment of sunrise and thus

= Âmr- 180°-;sr (1)

the elongation of the Moon from the shadow center at sunrise. Assuming that Z1Â 
increases 12° per day, i.e. 0;12° per nâdï, the time At from opposition to sunrise 
will be given by

AÅ
At =------ = 5AÅ (2)0;12 v ’

uadis, fhe longitude Âm of the Moon at opposition can then be computed for the 
moment At uadis before sunrise.

VI,2. A lunar eclipse will take place if

(1)

where 2m is the longitude of the Moon at opposition, and

A; = Ac + 0;36° (2)

Ac being the longitude of the node near Am. The modification (2) of Ac to A'c is probably 
introduced in order to formulate (1) in terms of integer degrees (again used in VII,5).

If
13° < I < 15° (3)

only a “darkening” takes place. It follows from VI,3 (cf. Fig. 24) that for the inter
val (3) the Moon does not at all come into contact with the earth’s shadow. Hence 
it seems an inescapable conclusion that (3) refers to the penumbra though this con
cept seems to be otherwise unknown in ancient and mediaeval astronomy.

There is no trace of a recognition of the dependence of the eclipse limits on the 
lunar (and solar) anomaly.

4*
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VI,3. In this whole chapter the following dimensions are assumed for the apparent 
radii of the disk of the Moon and the earth’s shadow:

thus
rm = 0;17° ru = 0;38°

rm + ^u = 0;55° ru - = 0;21°.

(1)

(la)

In the vicinity of the nodes all triangles are assumed to be plane and the lunar lati
tude ß is reckoned as if perpendicular to the Moon’s orbit (cf. Fig. 24) instead of to 
the ecliptic.

It follows from Fig. 24 that the duration At of a lunar eclipse is given by 
2AB/(pm-ns) if vm - vs represents the relative velocity of the Moon with respect to 
the Sun. Thus

2
(2)At - (ru + rm)2 ß2.

Vm - VS

From the boundary 13;36° in VI,2 (1) and (2) it follows for the inclination z
of the lunar orbit that

sinz = 0;55/13;36 ~ 0;4,2,40,. . . (3)

Since sin4° 0;4,ll it is clear that
z = 4° (4)

was intended.1) This value would have to be lowered to 3;30° if the boundary of 15° 
in VI,2 (3) were still to produce an eclipse in the proper sense of the term; nor would 
it then be meaningful to give a second limit of 13° to which no characteristic phase 
would correspond.

VI,4. The arcZlÂ = 13°-(Âm —¿c) is multiplied by 5. Exactly as in VI,1 (2) the re
sult represents a time interval At, reckoned in nädis, and Fig. 24 shows that it is the 
time required for the elongation to increase by the arc FK. This At should be added 
to or subtracted from a “duration of the eclipse”, depending on the position of the 
node before or behind the center of the shadow. What is meant by “duration” of 
the eclipse and what the result should represent is not clear to us.

h Arcsin0;4,2,40 = 3;52°. Also in VI,5 i = 4° is assumed.
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VI,5. It follows from Fig. 25 that for i = 4° (cf. VI,3 (4))

sinz = 0;4,ll = (ru-rm)/ZlAo = 0;21/z1Ao (1)
thus

JÂo = (ru-Tm)/sinz = 21/4;11 5;1 5°. (2)
Furthermore

ß = Gm ~ 4) s^n i = ÅÅ sin z
and

AB2 = (ru - rm)2 - ß2 = (zIAq - zU2) sin2 z.

If we express the duration 2AB° of totality in minutes of arc we have for it

T = 2,0 AB = Sinzj/zü2-ziF R = 120.

From (1) and (2) we find
Sinz’ = 2-21/5

hence
2-21 z

t = ---- -F52-zU2. (3)
5

The text gives this relation in the form

t = -y-j/ 4(5 - zU)(10 — (5 - ZU))

which is indeed the equivalent of (3).

VI,6. The duration of the partial phase of a lunar eclipse is the difference between 
the duration found in VI,3 and the duration of totality (VI,5).

VI,7. Cf. VI,12-15.

VI,8. The “deflection” y referring to a given position of the Sun or the Moon (at a 
solar- or lunar-eclipse respectively) is the angle at the given point between the ecliptic 
and the “east-west-line” E'W' (cf. Fig. 26) which is perpendicular to the great circle 
N'S' through the eclipsed body and the north- and south-point on the horizon. This 
definition is not explicitly found in the present text but there seems to be no reason 
to doubt the identity of terminology with later texts, e.g. Rahganatha’s commentary 
on Süryasiddhânta IV,24-25.

If we for the moment identify ecliptic and equator, denoting the culminating 
point as C (cf. Fig. 27), the lunar (or solar) longitude as Â, we can represent the rule 
given in the present verse for finding the deflection y by

y = 90°(C-2)^/1800'. (1)

If we cancel the factor 90°/90 and call the distance between G and 2 the hour angle t 
then we have instead of (1) the rule
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y = t(jp/90. (2)

The factor f/90 has the value 0 at the meridian and 1 at the horizon. Hence (2) im
plies that y = 0 in the meridian and y = <p in the horizon as is indeed the case for the 
angle between east-west-line and equator at these extremal points. The rule (2) re
presents simply a linear interpolation between these limits.

The values y = 0 and y = cp are also obtained if we write

y = cp sin t (3)
or even

Sin y = Sing? Sini//Î (4)

where a trigonometric interpolation replaces the linear relation (2). The rule (4) is 
found in XI,2. It is also given in the Äryabhatiya (Gola 45) and in the Khandakha- 
dyaka (IV,7).

The preceding rule concerns only the computation of one component of the 
deflection, the “aksavalana” which depends on <p of the locality and the t of the 
particular eclipse; it should further be modified by a second component, the “aya- 
navalana”, in the amount of ±ô(Â + 90°) as stated in XI,3. That at least one verse 
is missing after VI,8 is indicated by the fact that VI,9 is not found in our manuscripts, 
but is quoted with VI, 10 by Utpala. In the same direction points also the fact that 
VI,9 introduces a new topic.

VI,9-10. The use of eclipse-colors as omens, which is found, e.g., in Brhatsamhitä 
5,53-59, can be traced back to the Babylonian series Enüma Anu Enlil, tablets 15-18.1) 
The goal of the present verses is to establish criteria for predicting the colors. Varä- 
hamihira’s criteria are the altitude of the eclipsed body, its relation to ascendent or 
descendent, and the magnitude of the eclipse; normally Indians relate the colors to 
the phases of the eclipse (cf. Äryabhatiya, Gola 46, and Brähmasphutasiddhänta 4,19).

1) Weidner, Archiv für Orientforschung 17 (1954) p. 71 ff.
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VI,11.  The direction of impact is determined by this rule. Four cases are to be con
sidered (cf. Fig. 28), depending on the position of the Moon relative to the node and 
the character of the node (ascending or descending). Assuming that the Moon is 
ahead of the ascending node, thus Ac - Am > 0, then the impact (i.e., the point of con
tact with the shadow) occurs on the upper (northern) half of the Moon; conversely,

when the Moon has passed the node, thus 360 — Ac + Am = Am— Ac > 0, the impact is 
on the lower (southern) half. The situation is reversed at the descending node.

“The beginning of Aries’’ (A = 0°) seems to mean the ascending node, “the 
end of Virgo’’ (A = 180°) the descending node. The number of synodic months in an 
18-year eclipse cycle is 223, but the role of this number in the present context re
mains obscure to us.

VI,12-15. In VI, 12 we are given explicitly the apparent diameters

rm = 0;17° ru = 0;38° (1)

already used in VI,3 and VI,5. For the graphic representation of an eclipse concen
tric circles have to be drawn of radius ru, I'm, i'u + i'm (cf. Fig. 30).

The 13 parallel lines mentioned in VI, 13 are most likely related to the 13° given 
in VI,2 as eclipse limits. If this is the case the parallel lines would be drawn parallel 
to the lunar orbit, subdividing the radius CB = ru + rm (cf. Fig. 29) into 13 equal 
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intervals which would be a measure of the eclipse magnitudes between zero and 
maximum duration as function of ß.

This construction can now be related to VI,7 where a 13-division of a quadrant 
of the Moon’s circumference is mentioned, such that one can read off the distance 
of the point of first (and last) contact with respect to the line EW (cf. Fig. 30). We 
construct the point H' of the first contact when the moon is at G, where FG is one of 
the 13 parallels from Fig. 29. According to VI,12 one has at the common midpoint 
C also a circle of radius rm. Hence H at this fixed circle shows the same position with 
respect to the Moon’s center as H' with respect to G. For all lunar positions on the

quadrant between no eclipse at B and greatest duration at A we thus obtain on the 
quadrant ED of the Moon’s image with center C the images of the points of first con
tact. And since we have 13 parallels FG we have also 13 sections (of unequal length) 
on the quadrant ED.

The verse VI, 15 gives obvious rules for the sides at which first contact will be 
seen at lunar- and solar-eclipses. The middle of the eclipse coincides with the syzygy, 
i.e., with the end of a tithi.

The “projection” of an eclipse (VI, 14) is discussed later in XI, 1—5. It consists 
of a graphical method by means of which the phases of an eclipse can be illustrated 
with respect to the eclipsed body which is represented by a fixed circle in the center 
of the diagram. Our present chapter refrains from giving specific rules.

Chapter VII

VII,1. This verse (which is repeated in VIII,9) gives a rule for the approximate 
determination of the longitudinal components p¿ of the (difference between) lunar 
(and solar) parallax, expressed in nâdïs, i.e., essentially the time interval between 
true and apparent conjunction. It is assumed that = 0 in the meridian (here, as 
is often the case, substituted for the nonagesimal) and that the maximum jo^max °f På 

occurs at an hour angle of ±90°, meant to represent a position in the horizon. This 
“horizontal parallax” p^ax = Po *s estimated as 4 nâdïs. A delay of this amount 
between true and apparent conjunction represents a reasonable estimate for the 
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horizontal (relative) parallax since 0;4d-12;10°/d «« 0;49° is the corresponding longi
tudinal displacement.

Finally it is assumed that pp varies sinusoidally between the value of 4n in the 
horizon and 0 at the meridian, hence (reckoned in nâdïs) 

PX = 4 sind/0
Sind/0

30
Sin(6d/n)

30 (O

where d/° is reckoned in degrees, d/n in nadis.

VI 1,2. This verse is corrupt, but seems to contain the elements necessary for the 
computation of the latitudinal parallax. The translation, then, here more than else
where, depends on astronomy rather than grammar. Cf. also VIII,10-14.

The computation of the latitudinal component pß of the parallax is based on 
the relation = posinz (2)

where po is the horizontal parallax, z the zenith distance of the nonagesimal; pß is 
now measured in degrees and has a constant value along the ecliptic (or, in practice, 
along the lunar orbit) for a fixed zenith distance. The latter is found from cp ±ö±ß 
with proper rules for the signs of the declination ô and the latitude ß.

If one assumes for the horizontal parallax the same estimate of 4 nâdïs as in 
the preceding verse, and 130/d for the lunar velocity1) one has

po 0;4d-13°/d = 0;52°. (3)

The text obtains the same result by saying

po = 4-?5-4-0;13 = 0;52 (3a)

or finally, by introducing nâdïs:

5 Sinz Sinz Sinz
pa = 4n—•----- 0;4d-0;13 - = 4-0;13------ = posinz (4)23 2 2 120 7 V 7

as it should be according to (2).

VII,3. Here we find rules for the signs of the corrections due to parallax. The text 
as it stands seems to have confused the different cases. In fact the longitudinal com
ponent is subtractive to the west of the nonagesimal, additive to the east. The lati
tudinal component, however, is always negative.

VII,4. Let zlt be the time (of the syzygy?) after sunrise or before sunset, reckoned 
in nâdïs, ôm the declination of the Moon. The text seems to instruct us to compute 
d/-ôm/80 (or, perhaps, Sind/• ôm/80).

9 Actually one should take also here the relative velocity, i.e., «sl‘2°/d.
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At any rate this quotient is zero at the horizon (At = 0) and this seems to ex
clude any interpretation as parallax. We have no explanation to oiler.

VII,5. As in VI,2 one introduces a modified nodal position

A'-Ao + 0;36° (1)

Ac being the longitude of the node. Then the limits for lunar eclipses are

IA»-A'| < 13° (2)
(as in VI,2) and

|Am-A;i<8° (3)

for solar eclipses, being the longitude of the Moon.
If we assume, as in VI,3, rm = 0;17°, z = 4°, one has

sinz « 0;4,l 1
and thus with (3)

rs = 0 ;4,11 • 8 — 0 ; 17 = 0;16,28
hence probably originally

rs = rm = 0;17° (4)

whereas the Romakasiddhanta assumes (cf. VU 1,13) the slightly different values

rs = 0;15° rm = 0;17° (5)

for the apparent radii of the luminaries.

VII,6. The duration of an eclipse is given by

(!) 
where, according to VII,5

113° for lunar eclipses 
J = (2)

I 8° for solar eclipses.

In order to check this rule we use again Fig. 24 (p. 52) calling CK = A, CF = Al 
and

ii’n + z’m for lunar eclipses
r = \ 

|rs + rm for solar eclipses.

Then r = A sinz and ß = Al sinz and thus the distance AB which measures the half 
duration

AB = sinz] zl2-zU2 ~ 0 A 2 - Al2 (3)

The distance AB is here measured in degrees.
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Assuming as the daily increase of elongation 12° we obtain for the total duration
of the eclipse

/ = -~-\/A2-A^ = 0 ;0,40d|/zl2 - Z1Â2

= —|/d2_JA2
3 ’

instead of (1), reckoned in nadis. We cannot explain the origin of this discrepancy.

Chapter VIII

VIII,1. The mean longitude Å of the Sun , reckoned in rotations, is obtained from
the ahargana a by means of

a •150 - 65 a • 2,30 - 1,5
Å - rot. (1)54787 15,13,7

Since
2,30 1,0,0

15,13,7 6,5,14,48

one sees that (1) is based on the assumption that

1 year = 365;14,48d (2)

i.e. on the value adopted for the tropical year by Hipparchus and Ptolemy; cf. also 
1,15(1).

For the constant -65/54 787 cf. below at VIII,5.

VIII,2-3. The solar apogee is placed at Jf 15°. If a denotes the anomaly reckoned 
from this point the following equations of center 0 are assumed (cf. Fig. 31):

a AO 0

0° 0
15 0;20 + 0;15-0;0,18 = 0;34,42° 0;34,42°
30 + 0;14-0;0, 5 1; 8,37
45 + 0;10 + 0;0, 2 1 ;38,39

60 + 0; 4 + 0;0,10 2; 2,49
75 -0; 6 + 0;0,16 2;17, 5
90 — 0;14 + 0;0,18 2;23,23

The maximum equation of 2;23,23 would correspond, for R = 60, to an eccentricity 
of 2;17. Cf. also IX,7-8.
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VIII,4. The sidereal mean longitude of the Moon, reckoned in rotations, is given by

From

a -38 100- 1984
1 040 953

a • 10,35,0-33,4
rot

4,49,9,13

4,49,9,13
10,35,0

27 ;19,17,45,50,. . .d

(1)

(2)

one knows the length of the sidereal month. In 1,15 (5) we have shown that (2) is 
based on the relation

4,14 sid.m. = 3,55 syn.m. = 19y. (3)

For the epoch constant (ksepa), obtained for a = 0, cf. the commentary on VIII,5.

VIII,5. The longitude of the lunar anomaly is give by

a *110  + 609 a-1,50+ 10,9 
3031 ~ 50,31

This rule is based on an anomalistic month of

50,31
- ~ 27;33,16,21,49,. . .d

1,50

(1)

(2)

Cf. for this relation above 11,2-6.
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The epoch constants in VIII,1,4, and 5 indicate that the initial positions for the 
Sun, the Moon, and the lunar anomaly at epoch were respectively

1,5
for the Sun:-------------- revol. =

15,13,7
6,30,0°

- 15,13,7 ~ 0:25,38° = 359:34,22° (3)

33,4 3,18,24,0°
for the Moon:----------- revol. = - - 0;41,10° = 359:18,50° (4)4,49,9,13 4,49,9,13

X \ 1 j V, o X ,1/

tor the lunar anomaly:----- revol. =----------------- 72:19,57°. Í5)
50,31 50,31

The longitude of the lunar apogee, zA, can be found (cf. Fig. 58 p. 101) from

Aa = Ä - a. (6)
Consequently (4) and (5) give

Aa = 359;18,50°- 72:19,57° = 286;58,53° (7)

as position of the apogee at epoch.
These here determined epoch constants refer, according to VIII,1, to sunset at 

Avanti. In 1,8 the epoch of the Romakasiddhänta and in XV, 18 the epoch of Lätä- 
cärya is said to be sunset at Yavanapura.

VIII,6. As function of the anomaly a the following equations 0 are prescribed for
motion of the Moon (cf. Fig. 31)

a zfø 0

0° 0
15 l° + 0;14 = 1 ;14° 1 ;14°
30 + 0;l 1 = 1 ;11 2;25
45 + 0 ; 2 = 1; 2 3;27

60 4-0;18-8-0;3 = 0;48 4;15
75 5-0;5 = 0;25 4;40
90 60;16 — 1 ;30 = 0; 6 4;46

maximum equation of 4;46° would correspond to an eccentricity
R = 60. The above given numbers are, however, not very secure; one would prefer 
a maximum equation of 4;56° as found in the ârdharâtrika system (cf. IX,7).

VIII,7. Crude approximations for the daily motion in longitude (13;10°) and in 
anomaly (13;4°). Cf. also IX,11-12.

VIII,8. For the ahargana a the ascending lunar node has the longitude
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«•24 + 15,37,46
45,18,31

Nr. 1

Since

« • 24 + 56 266
163111 (1)

45,18,31
24

l,53,16;17,30d

we have in (2) the number of days required for one revolution of the lunar nodes 
(about 181/2 years). From it one finds for the retrograde daily motion

0 ¡3,10,41,32,. . .o/«1. (3)

The ksepa in (1) indicates that the longitude of the ascending node at epoch 
was

15,37,46
----------- revolutions -124;11,2° = 235;48,58° (4)
45,18,31-------------------------------------------------------------------------------- v 7

in close agreement with 111,29.

VIII,9. The same rule for the determination of the longitudinal parallax as given 
in VII, 1 (q.v.).

VIII,10-14. The goal of this section is the determination of the latitudinal parallax 
Pß of the moon, or of the apparent latitude ßa of the Moon al a solar eclipse.

First one has to find the nonagesimal V of the ecliptic, i.e. the midpoint of the 
semicircle of the ecliptic that is above the horizon. Having determined for the given 
moment the ascendent H one has

Â(V) = Â(H) + 270° = Â(H) - 90°. (1)

Hence one can also find the declination ó(V) which belongs to A(V).
Let U be the point of the lunar orbit for which (cf. Fig. 32)

Â(U) = 2(V),

ß its latitude, w its distance from the ascending node. Then it is assumed that ap
proximately

d(U) = <5(V)+£ (2)

i.e., the directions of latitudes and of declinations at V are identified. Since for a given 
moment the longitude Âc of the ascending node can be considered to be known one 
can also find ß(ßJ) from

ß = ïïïï Sin(Â(H)-(Âc + 90)).

Indeed, it follows from (1) that (with R = 120)

(3)
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ß° = o Sin(Â(V)-2c) ~ Sin co = 4 sin co.

Accurately one should have

but for small angles
sin/? = sin i sin co

sin/? «a ß

hence

thus from (3a)
ß° & 60 sin/? = 60 sinz sin co

sinz «» 0;4 0;4,ll thus z & 4°.

(3a)

(3b)

(3c)

It is assumed next that the zenith distance of U can be found from

0)

which is the same as to say that (approximately) V, U, and Midheaven lie in the 
same meridian. With z thus determined the latitudinal parallax is computed from

um Sinz
~ 1800

where z;m is the lunar velocity.
Since pß can be considered constant along the ecliptic1) (or along the lunar or

bit) with the value
j9/3=joosinz (6)

we can obtain an estimate for the “horizontal parallax” po by using (5) in the form

Cm .
pß = )7smz'

Consequently 
po = 0;4 um «» 0 ;53° 

since Pm 13;10,35°/d.
With pß known from (5) one finds the apparent latitude of the Moon

ßa = ß±pß
0 Cf. Neugebauer, Al-Khwârizmî, p. 122 f. ; also below IN,24-25.

(7)

(8)
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where the true latitude ß is found in minutes of arc from

ß = ‘\^ Sin co. (9)

For small ß we use again (3b) 

ß° & -¿-siniSinco.

Hence from (9), since ß° 60/3
2-21

sinz «a ------ = 0;4,40
9-60

thus 
z^4;30° (10)

in contrast to (3c); cf. also IX,6.

VIII,15 . In VI11,13 the following mean values for the apparent diameters of Sun 
and Moon were given

ds = 0;30° dm = 0;34°. (1)

For the true apparent diameters it is assumed that the ratio of diameter to velocity 
remains constant. Consequently

dm

dm = ~ Z?m-
¿'m

(2)

VIII,16. Let ßn be the apparent latitude of the moon, found in VIII,10-14 (8). Then 
it follows from Fig. 33 that the duration of a solar eclipse between first and last 
contact is given by

2AB - |/(rs + rm)2-^. (1)

The same rule is given in IX,26.
Note that the text here and in VIII,17 uses avanati, i.e. pß, in the sense of “cor-

VIII,17-18. Fig. 33 shows that the obscured part of the Sun at the middle of the 
eclipse has the width
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m = rs-(/îa-rm) = •Ts + í’m-^a. (1)

All quantities should be measured in minutes of arc, hence also m. Nevertheless the 
text calls the result “digits”. Cf. also X,5-6.

Chapter IX

IX,1. The mean longitude 2S of the Sun, reckoned in sidereal rotations, is found 
for the ahargana a by means of

Since

a-800- 442 a-13,20-7,22
/ls =----------------- = --------------------- rot.

292 207 1,21,10,7 (1)

1,21,10,7
---------- — = 6,5;15,31,30

13,20 (2)

we see that (1) is based on a sidereal year of 365 ;15,31,30d (exactly). 
The daily mean motion of the Sun amounts accordingly to

- ~ 0 ;59,8,10,10,37, . . .°/d.
6,5;15,31,30 (3)

The exact equivalent of (2) is the statement of the ardharatrika system (cf.
1,14) that

4 320 000 (= 20,0,0,0) sid. years = 1 577 917 800 (= 2,1,45,10,30,0) days (4) 

as is evident in the sexagesimal version since the number of days in (4), multiplied 
by a factor 3 gives the right hand side in (2).

For the epoch-correction (ksepa)

7,22-6,0°
1,21,10,7

- 0;32,40° (5)

cf. the commentary to XVI, 1-9.

IX,2. The mean longitude of the Moon, reckoned in sidereal rotations, is obtained 
from

^■m

The quotient

a-900 000-670 217 a • 4,10,0,0 - 3,6,10,17
- = ------------------------------- rot.

24 589 506 1,53,50,25,6

1,53,50,25,6
-—-—-—— = 27; 19,18,1,26,24 days4,10,0,0 J

(O

(2)

Hist. Filos. Skr. Dan.Vid. Selsk. 6, no. 1. 5
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gives the length of the sidereal month (exactly). From (2) one finds for the daily 
mean motion of the Moon

4,10,0,0-6,0
1,53,50,25,6

25
= 13;10,34,52,9. . ,°/d.

1 ;53,50,25,6 (3)

For the epoch correction

3,6,10,17-6,0°
1,53,50,25,6

- 9;48,44° (4)

cf. the commentary to XVI, 1-9.

IX,3. The number of sidereal rotations of the Moon’s apogee at the ahargana a is 
given by

a-900 + 2 260 356
2 908 789

a-15,0 + 10,27,52,36
13,27,59,49

rot. (1)

Consequently one rotation takes

= 53,51 ;59,16 days (2)

(exactly). The daily motion of the Moon’s apsidal line amounts therefore to

- ~ 0 ;6,40,59,29,. . .°/d.
53,51 ;59,16 (3)

rounded to 0;6,40 = 1/9°/d in IX, 12 (3).
For the epoch-correction

10,27,52,36-6,0°
—-—-— ------ — 279;44,53°

13,27,59,49 (4)

cf. the commentary to XVI, 1-9.

IX,4. It is of interest to note that the basic intervals which correspond to the rules 
formulated in IX, 1-3 (and IX,5) are all expressed exactly by finite sexagesimal frac
tions, no doubt intentionally. In IX,4 small corrections of the lunar parameters are 
introduced the purpose of which is an adjustment to the parameters of the ärdharä- 
trika system which in turn is based on simple sexagesimal relations without approx
imations but now referring to the huge interval of 20,0,0,0 years. The corrections 
in IX,4 serve to bridge the inevitable gap between the exact identities of the individual 
basic periods and similar identities for the cosmic intervals.

The rides given in IX,4 are as follows:
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For each sidereal revolution of the mean Moon Ám should be modified

51 51
— ■—— = - ------ seconds — 0 ;0,0,0,58,50,46,... °

3120 52,0
and

For each sidereal revolution of the Moon’s apogee one should add

10 10
---- =----- seconds 0;0,0,2,1,... °
297 4,57

(1)

(2)

In order to relate these rules to the ardharatrika system we proceed as follows. 
First we combine IX, 1 (2)

1,21,10,7
1 year = 6,5 ; 15,31,30d =-------------

16-50
with IX,2 (2)

1,53,50:25,6
1 sid. month = 27 ;19,18,l,26,24d = ——-—-——

5-50
and thus find

1 year =
1,21,10,7-5

l,53,50;25,6-16
6,45,50,35

30,21,26:41,36 (3)
13:22,7,46,50,11,5,24,. . . sid. months.

In the ärdharätrika system, however, it is assumed that

4 320 000 (= 20,0,0,0) sid. y. = 57 753 336 (= 4,27,22,35,36) sid. m. (4a)

Multiplication by the factor 3 gives this assumption the form

1 year = 13 ;22,7,46,48 sid. months. (4b)

Comparison of (4b) with (3) shows that the rule of IX,2 produces a result which is 
0:0,0,0,2,11,5,24 sidereal months in excess over the result obtained by the ärdharä
trika norm. Since each sidereal month corresponds to a complete rotation the above 
found excess amounts to

0:0,0,0,2,11,5,24-6,0° = 0 ;0,0,13,6,32,24°

per year, i.e., because of (4b) 

0;l3,6,32,24 seconds
13:22,7,46,48

51
seconds1)

52,0

as subtractive correction. This is the above given rule (1).

0 Indeed 13,6,32,24-52^11,21,40 and 13,22,7,46,48-51 ^11,21,48.
5*
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Similarly IN,3 (2) in combination with IX, 1 (2) shows that

1,21,10,7-9
1 year = -

13,27,59,49-8
12,10,31,3

_ 0:6,46,50,56,57,43,23, ... rot. (5)
1,47,43,58,32

of the lunar apogee. The ärdharatrika system, however, postulates

4 320 000 (= 20,0,0,0) years = 488 219 (= 2,15,36,59) rotations (6a)

or the equivalent
1 year = 0:6,46,50,57 rotations (6b)

i.e. 0;0,0,0,0,2,16,37 rotations = 0;0,0,2,16,37-6,0 seconds = 0;0,13,39,42 seconds 
more than in (5) in each year. Since, according to (5) each year contains 0;6,46,. . . 
rotations the correction per rotation amounts to

0;13,39,42 10
- -----  seconds1)

6:46,50,57 4,57
as required in (2).

No correction is needed for the mean Sun since IX,1 (2) and IX,1 (4) are exactly 
equivalent, both being based on ärdharatrika parameters.

IX,5. The longitude of the ascending node of the Moon at the ahargana a, reckoned 
in sidereal rotations, is found from

«•2700 + 6 313 219
18 345 822

«•45,0 + 29,13,40,19
1,24,56,3,42

rotations. (1)

The time required for one sidereal rotation is therefore (exactly) given by

1,24,56,3,42
45,0

= 1,53,1 4 ;44,56d. (2)

From (2) and from the number 2,1,45,10,30,0 assumed in the ärdharatrika 
system for the days contained in the Mahäyuga (cf. (4) in IX,1) one linds for the num
ber of sidereal rotations of the nodes in that period

2,1,45,10,30,0
-------- ----------- = 1,4,30,26:3, ... rot. (3) 
1,53,14;44,56

hence not exactly an integer number. In fact, however, the ärdharätrika system 
postulates exactly 232 226 = 1,4,30,26 rotations of the nodes2) in a Mahäyuga. One

9 Indeed 13,39,42 • 4,57 % 1,7,40 and 6,46,50,57-10^1,7,48.
2) Cf. note 1 to 1,14 Table 1.
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expects, then, a correction to be applied to the longitude of the ascending lunar node 
such as was applied to the mean longitude and the apogee of the Moon in IX,4. Per
haps such a correction has accidentally been dropped from the text.

Again from (2) one can derive the corresponding daily motion of the nodes:

— = - 0 ;3,10,44,7,53, . . ,°/d. (4)
1,53,14;44,56 v

Cf. also 111,28-29.
The epoch correction contained in (1) has to be reckoned negative since the 

rotation of the nodes proceeds in retrograde direction. Converted to degrees it amounts 
to

29,13,40,19-6,0°
 ~ - 123;53,3 = 236;6,57°. (5) 

1,24,56,3,42-------------------------------------------------------------------- v

Cf. for it the commentary to XVI,1-9 (p. 100).

IX,6. The value 
z~ 4;30°

for the inclination of the lunar orbit agrees with VIII,10—14 (10).

IX,7-8. Here we have rules for the determination of the equation of center for Sun 
and Moon as function of the anomaly a, based on a simple epicyclic model (cf. Fig. 
34). The anomaly a is found from

a = â-Âa (1)

Ä being the mean longitude at the given moment, Aa the longitude of the apogee. 
For the Sun, in the ärdharätrika system, one has always

ÂA = 80° (2)

as fixed sidereal longitude. For the Moon Xa has to be found with IX,3 and IX,4.
Let c be the length of the circumference of the epicycle, measured in the same 

units (misleadingly called “degrees”) in which the circumference of the deferent 
measures 360. Then it is assumed that
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I 14 for the Sun
I 31 for the Moon.

i (3)

Using c and a from (3) and (1) respectively the equation 0 is found from

SinØ
cSin a
”360 (4)

It is easy to see that (4) is the result of a plausible approximation (cf. Fig. 34).
Obviously

c r rsina PP'
360 R 7? sin a Sin a

Since r is small in comparison 

for the Moon

which proves (4).
Il follows from (3) and (4) 

c
360

PP' CD, henceto 7?1) we may assume that

CD 7?sin0 Sin 0
Sin a Sin a Sin a

that

[ 0;2,20 for the Sun

which leads to a maximum equation of

J 2; 14° for the Sun 
max = I 4;56° for the Moon. (6)

Cf. also VIII,2-3 and VII 1,6. In terms of Greek astronomy the eccentricities corres
ponding to (5) would be 2;20 and 5;10 respectively (/? = 60); cf. also XVI,12—14 
Table 22 (p. 102).

IX,9. This is a rule for finding the daily increase in the solar and lunar equations. 
Since the increase of both 6 and a in a day will be very small we replace (3) in IX,7-8 
by 0 = ca/360 and thus obtain

360

where 0' and a denote the daily increments of 0 and a respectively. For the Sun the 
daily increase in anomaly is the same as its daily increase vs in longitude, reckoned 
in degrees per day. If b denotes the same velocity (bhukti) expressed in minutes we 
have therefore

x) Fig. 34 is not drawn to scale; for the Moon r should be about 1/12 of R, for the Sun only 1/30 of R 
(cf. (2)).
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b
21 600

cb
6,0,0

For the Moon one should use the bhukti of the anomaly given in IX,12; cf. also IX,13.

IX,10. For 53;20 yojanas of distance (measured on the terrestrial equator) a time cor
rection of ±1 nâdi is to be applied. With this time correction one can compute the 
correction to the longitudes of the planets due to the fact that one’s locality is a known 
number of yojanas (on the equator) to the east or west of the prime meridian.

It follows from the above given numbers that

ld = 53,20 yojanas = 3200 yojanas

on the equator; cf. also 111,14 and XIII,15-19. The radius of the earth is therefore 
about 510 yojanas.

IX,11-14. The mean motions are (cf. also VIII,7)

I 0;59,8°/d
I 13;10,34

for the Sun 
for the Moon.

The true motion of the Moon is given by

where

with

V = v ± ux
A Sin a

225
c

360

t'a = p - pa

pa 0;6,40o/d

(2)

(3)

(4)

(cf. also IX,3) and c being defined as in IX,7-8. As shown in Fig. 35 Pa represents 
therefore the velocity of the center C of the epicycle with respect to the apsidal line.
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Since the function Sina is tabulated in steps of 3;45° = 225' (cf. IV,6-15, Table 8) 
we see that A Sina/225 is approximately the derivative of the Sine-function. Thus we 
have

A Sin a A Sin a
cosa.

Because of the “reducing” factor c/360 = r/7? we have in ñac/360 the velocity of the 
Moon P on the circumference of the epicycle. Consequently the multiplication with 
cosa gives the component in the direction of representing (algebraically) the effect 
of the motion of P on the epicycle, while C moves with the constant mean velocity v.

The instantaneous velocity v of P with respect to O (cf. Fig. 34) can also be 
described by means of the “true hypotenuse” q = OP in relation to R:

v/v = R/q. (5)

IX,15-16. It is the purpose of these verses to introduce the actual geocentric distances 
(kaksâ) of Sun and Moon instead of operating uniformly with the norm R = 120 
for the radii of the deferents. If qs and represent the true hypotenuse of Sun and 
Moon respectively the kaksâ is defined by

5347 1,29,7
^’s = <?s = Qs bm — 10om. (1)

40 40

By means of two more parameters

bs = 517 080 (= 2,23,38,0) bm = 38 640 (= 10,44,0) (2)

are found the apparent diameters of Sun and Moon

1 bm 1ds = — = 1,4,28;11, . . . •- dm = — = 1,4,24 . (3)
bs Qs bm Qm

For the mean distances of the luminaries, i.e. for

Qs = (?m = R = 120

one obtains from (1) the geocentric distances

k8 = 4,27,21 km = 20,0 (4)

and from (3) the apparent diameters

d3 = 32;14,6, ... dm = 32 ;12 (5)

obviously measured in minutes of arc.
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One can now determine the absolute dimensions of the diameters 2s and 2m 
of Sun and Moon respectively, measured in the units of ka and 7cm. Dividing da and 
dm by the ratio

3,0,0'/% = 10 8007% 3438' = 57,18'

one changes minutes of arc to radians. Multiplication by ka and Am then produces 
2s and 2 m :

2s =

2 m =

i.e. the radii

respectively.
In IX, 19-23 we shall

parallax is based on the assumption that

e = 18 (8)

is the radius of the earth, measured in otherwise unknown units. If we assume that 
these units are the same as in s and m, hence also as in ks and km, we can convert 
all these quantities to earth radii; from (4) one obtains:

s

(6)

(7)

find fcf. below p. 76) that the determination of the lunar

ba
------ = 2,30 ;24,5, . . .

57,18—— A-s57,18

dm J
A-'m 57,18

b m------  = 11 ; 14,20,. . .
57,18

s ~ 1,15;12 m 5;37

4,27,21
k8 = e = 14,51 ;10e = 89176e18 1

20,0
km = ----- e = l,6;40 e - 662/3 e.

(9)

The value for the lunar distance is essentially correct and in general agreement with 
the results obtained in ancient astronomy. This confirms the uniformity of all units 
of distance.

Finally one obtains the absolute sizes for Sun and Moon from (7):

1,15 ;12
18

e = 4;10,40 e (10)

Hence, the radius of the Sun is about four times the radius of the earth, the radius 
of the Moon about one third.

IX,17-18. We are given the time difference Ax between the moment of conjunction 
and noon, i.e. the arc ¿’'C in Fig. 36. The corresponding ecliptic arc AÅ = ¿’M can 
be found from a table of right ascensions since Ja is the rising time of Ak at sphaera 
recta.
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Since we know for the given moment the longitude A of the conjunction we 
have in A + ZlA the longitude of M. Hence one can find from a table the declination 
Ôm of M and finally the zenith distance of M:

Zm = 99T Ôm- (O
IX,19-23. These verses concern the determination of the longitudinal parallax of 
sun and moon at a conjunction, i.e. for a solar eclipse. The procedure is best broken 
up in single steps for which we give the proofs as we go along.

Let M be the culminating point of the ecliptic (cf. Fig. 37), V the nonagesimal, 
Z the zenith, Am and longitude and declination of M respectively, the azimuth

s
Fig. 37.

of the ascendent H, e the obliquity of the ecliptic, <p the geographical latitude. Then,
with Am known from IX, 17

Sine • SinAM

Proof: sinçs = Sin^M/Sin^ (cf. IV,39-40 (2)) and sine = SíiiÓm/SíiiAm (cf. IV,35—36 
(2)); q.e.d.

Let zm and zv represent the zenith distances of M and V respectively. Then

SinVM = Sin?? • SinzM¿R (2)

where Sin77 is known from (1) and zm from IX, 17-18 (1).

Proof: In the right spherical triangle ZVM holds

sin 77 = sinVM/sinzM
q.e.d.

The next step implies a very crude approximation because it assumes that the 
right spherical triangle ZVM can be considered as a plane triangle. Hence

Sinzv = |/Sid2ZM ~ Sin2 VM

can be computed, using zm from IX,17-18 (1) and VM from (2).

(3)
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With zv known from (3) one has for the altitude civ of V

thus
civ + zv = 90°

Sinav = |/iß2 - Sin2 zv.

(4a)

(4b)

Let ci8 be the altitude, zs the zenith distance of the Sun for a given moment when 
the Sun has a longitudinal distance AÅ (< 90°) from the rising or setting point of the 
ecliptic. Then

Sinas = SindÂ • Sinav/7?. 
Since

as + zs = 90°
one has

Sinzs = |//?2 - Sin2as.

Proof of (5) : it follows from Fig. 38

2727' = R sinas = P27 sinav

(5)

(6a)

and
P27 = R sindÂ

(7)

(8)

Proof of (7): In the right spherical triangle ZV27 (cf. Fig. 40), 27 being the Sun, we 
have

PÅ PÅm PÅs •

18,/— —
PX = — 1/ Sin2 Zs - Sin2 zv 

qR

where q is the distance of the Sun or Moon (cf. Fig. 39) from the earth. If we substi
tute in (7) for Q the value gs we obtain the longitudinal solar parallax p¿s, otherwise 
with the lunar parallax p^m and, for an eclipse, when 2S = 2m, the “adjusted” 
longitudinal parallax

q.e.d.
We have now all elements that are required for the computation of the longi

tudinal parallax
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siny = sinzv/sinz8.

If p is the total parallax at 27 then

Pi = p cosy = p| 1 - Sin2zv/Sin2zs

= ———1Sin2 "s - Sin2zv •
Sinzg

Comparison with (7) shows that one should have the following relation

p/Sinzg = 18/oR (9)
or

18
p = —sinzg = p0 sinzs (10)

Q
with

18
Po = - • (11)

Q

Since zs = 90° at the hirizon we see from (10) that po is the horizontal parallax. But 
the lunar horizontal parallax is the angle under which the radius e of the earth appears 
from the moon when in the horizon. Thus (11) implies a value

e = 18 (12)

for the radius of the earth, a value confirmed by its use in X,l—2.
In VII,2 we found that po 0;52°, in VIII,10-14 we arrived at the estimate

po 0;53°. In order to express po also here in degrees we have to replace (11) by

18 3,0 54,0
po =--------- ---  ----- • (13)Q 7t Q71

In IX,15-16 (lb) the distance of the Moon is assumed to be measured by

q = km = 20,0.

If we accept for tt the approximation n ™ 3 we have gn = 1,0,0 and thus

po = O;54° (14)

which agrees sufficiently well with the previously obtained estimates.

IX,24-25. For a given zenith distance z of the nonagesimal V the latitudinal compo
nent pß of the parallax is assumed to be constant with the value

Pß = po sinzv

where po represents the horizontal parallax (cf. VIII,10-14 (6)).
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IX,26. The same rule for the duration of an eclipse is found in VIII, 16.

IX,27. Effect of the longitudinal component of the adjusted parallax on the duration 
of a solar eclipse.

Chapter X

X,l-2.  Let Á-s and km denote (as in IX, 15-16) the geocentric distances of Sun and 
Moon respectively, s, e, and u the radii of Sun, earth, and shadow at the Moon’s 
(mean) distance, all these quantities measured in the same units. Then the diameter 
2u of the shadow cone at the Moon’s (mean) distance is found from

2u
36Äm \120

90Å-s/286/ km '

A more convenient form of the ride (1) would be

Fig. 41 illustrates the underlying argument. Obviously

and therefore

s-e e-u
ks km

We now assume, as in IX,19-23 (12)

and
e = 18 

s = 75 ;12

as derived in IX,15—16 (7). Then one obtains from (3)

a = 18-57;12— =
¿8

which agrees with (la) if

3 ;10,40\
k3 )

(2)

(3)

(4a)

(4b)
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km = 2,0 = fí (5)

i.e. for the normed mean distance of the Moon.

X,2-4.  Let ru and rm be the apparent radii of shadow and Moon, both expressed in 
degrees, ßo the latitude of the Moon at the moment to of the true opposition, vm — us 
the relative angular velocity of the Moon with respect to the Sun, expressed in degrees 
per day, then

¿it = |/(ru + rm)2-^------ (1)
Vm Vs

is in first approximation the half-duration of the eclipse (cf. Fig. 42). The under
lying assumption that the latitude of the Moon at first contact is the same as at the 
midpoint of the eclipse, is, however, not quite correct. If one computes the latitude 

for the moment io - Ait one will find a value ß, slightly different from ßo. If we replace 
ßo in (1) by ßi a more accurate value A^t of the half-duration will result. Computing 
the latitude for to-Azt, etc., leads to ßi, ßo etc. The process ends when Jn+ii = Ant.

X,5—6. If t is an arbitrary moment near the moment to of the true syzygy, ß the cor
responding latitude of the Moon, then the size m of the obscured part is found, for 
a lunar eclipse, from

m = (ru + rm) - MS (1)
where

MS = |Jf'S2+72 (2)
and

. Vm Vs
M'S = ----- — (to-t).

60 (3)

The correctness of this rule follows immediately from Fig. 43. For a solar eclipse (1) 
is to be replaced by

Cf. also VH1,17-18.
m = (rs + rm) - MS.
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X,7.  The half-duration of totality is computed by determining the distance AB (cf. 
Fig. 44) between first contact and eclipse middle:

AB = |/(ru — rm)2 —.

The duration of totality can be found from the distance 2AB by dividing it by the 
relative velocity of the two luminaries, a step which is hinted at by referring to “the 
case of the tithi”.

Chapter XI

XI,1-5. These verses concern the “projection” of eclipses, i.e., a graphical method 
for finding the points of first and last contact on the eclipsed body in relation to cer
tain orthogonal diameters N'S' and E'W' as defined previously in AT,8 (cf. Fig. 26 
p. 54).

For any given moment the direction of the ecliptic must be determined by means 
of an angle y (called “deflection”) with respect to the “east-west-line” E'W' (cf. Fig.

45). This angle is found from two components. The first, depending on the geogra
phical latitude cp, is found in XI,2 from

Sinyi = Sinç?Sinf//î (1)

where I is the hour angle. We have explained the reasoning underlying this rule in 
connection with VI,8. As was then shown the resulting angle gives actually the di
rection of the equator with respect to the east-west-line. One can formulate this si
tuation also in the following form: yi assumes that the eclipsed body is in the equator, 
i.e., A = 0° or 180°. The angle of the ecliptic with the east-west-line is then yi ± e = 
71 ± (5(2 + 90°) where <5(2 + 90°) is the declination at 2 + 90°. For 2 = ±90°, i.e. at the 
solstices, the ecliptic is parallel to the equator; then y yx = 71+ 0, i.e. again yi + 
<5(2 + 90°) since now 2 + 90° = 0° or 180°, and hence (5 = 0. Hence, in all four cases 
we have found that y = 71+ 0(2 + 90°) and XI,3 shows that this rule was considered 
valid not only for the equinoxes and solstices but generally:

7 = 71 + 72 = 71 ± <5(2 + 90°).

This, then, represents the angle between ecliptic and east-west-line at a moment 
when the eclipsed body has the longitude 2. Hence we can consider y to be known for 
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any phase of the eclipse since the times for the phases can be computed, starting 
from the true syzygy.

We now can turn to the graphic construction. In XI, 1 we are directed to draw 
two concentric circles, one with radius r of the eclipsed body, the other with radius r' 
which is the total of the radii of eclipsed and eclipsing body, i.e.

r = rm r = rm + ru for lunar eclipses 

r = rs r = rs + rm for solar eclipses.

Through the center A of these circles one draws a fixed direction which represents 
the ecliptic (Fig. 46) and, knowing y from (2), one also can draw the east-west-line 
E'W' through A. Perpendicular to it is N'S' (XI,3). For each phase a diagram of this 
type has to be constructed because y can vary considerably, e.g., between beginning 
and end of a lunar eclipse.

Suppose that Fig. 46 is constructed for the moment of first contact at a lunar 
eclipse. We then assume parallelism between the lunar orbit and the ecliptic. If, there

fore, A is the center of the Moon, the point B at -ß is the center of the shadow and 
AB intersects the rim of the Moon where the first contact will occur.

XI,6. This verse seems to deal with the optical illusion that the disk of the Moon or 
the Sun near the horizon seems larger than when high in the sky. An arc of one minute 
would then subtend (on some instrument?) ^2 digit when near the horizon but only 

digit at high altitude. The rule occurring here must be intended to determine the 
actual physical dimensions of the “projection” described in XI, 1—5.

Chapter XII

XII,1. The yuga is here a cycle of 5 years, containing 12-5 + 2 = 62 months. It is 
furthermore stated after every 62 days one tithi has to be omitted, i.e.

62T = 61 sid. days. (1)

and hence the length of one tithi
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1T = 61/62 sid. d. = 0;59,l,56, . . . sid. d. (2a)
and conversely

1 sid. d. = 62/61 tithi = 1 ;0,59,0,59, . . .T (2b)

The same relation follows from XI 1,3.
From (1) one obtains

1 yuga = 5 years = 62 months = 62-30T = |y'1830T = 1830 sid. d. (3)

and consequently
1 year = 366 sid. d. = 365 days. (4)

The “years” are here the Egyptian-Persian years without intercalation.
These relationships in the Paitämahasiddhänta of the Pancasiddhäntikä are 

taken from the Jyotisavedänga of Lagadha (fifth century B.C.?), and are found also 
in the earliest recension of the Gargasamhitä (first century B.C. or A.D.?). Varä- 
hamihira’s use of the technical term avama here and in 1,11-16 and his statement 
in XII,2 that the ahargana begins with sunrise indicates that he assumes that the 
Paitämahasiddhänta operated with sävana (sunrise) rather than with näksatra 
(sidereal) days. Nevertheless the only reasonable interpretation of (3)

5 years = 1830 “days”
is the relation (4).

XII,2. If S represents the number of completed years in the Saka Era then

(O

gives the number of completed yugas, i.e. the counting of the yugas begins with Saka 
Era 3.

The year Saka 3, i.e. A.D. 80, being fixed by the text as the year of epoch for 
Varähamihira’s Paitämahasiddhänta, the date can be determined more closely as 
January 11 of this year.1) At this date occurred a conjunction of Sun and Moon at a 
tropical longitude Â 290°. Consequently the Sun would enter Aries in the third 
month after this conjunction. Now Mägha is the second month before Caitra. Under 
the plausible assumption that Caitra was already in the first century the month in 
which the Sun enters Aries, as is the case in the fifth century, the above given date 
would fit all conditions of the text.

XI 1,3. If a is the ahargana (here to be understood in sidereal days) then the number 
of corresponding tithis is given by

T = «(! +¥?)• (O
*) This was suggested by Kharegat [1895/7] p. 134 f. (cf. below p. 154).

Hist. Filos. Skr. Dan. Vid. Selsk. 6, no.l. 6
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The Sun traverses 27 naksatras in one year of 366 sidereal days (cf. XI 1,1 (4)), hence 
in a sidereal days

a 9
• 27 = a •---- naksatras. (2)

366 122

The Moon completes in 5 years of 62 months

62 + 5 = 67 sid. rotations = 67-27 naksatras. (3)

Since 5 years = 1830 sid. days (cf. XII,1(3)) the Moon progresses in a sidereal days

67-27
1830

603
610

naksatras. (4)

These rules make sense only if one is dealing with “equal” naksatras, i.e. with 
sections of uniformly 13;20° in length. If the conjunction, mentioned in XII,2, was 
in fact the conjunction of A.l). 80 Jan. 11 at the beginning of the naksalra Dhanisthä 
we would know that this point had in the first century a tropical longitude of about 
/. = 290°. Since there arc 5 naksatras from Dhanisthä to Asvini, the beginning of the 
naksatra-zodiac, we find for this point 290 + 5-13;20 = 356;40°, i.e., Pisces 26;40°, 
in the first century A.l).

XII,4. The parvan is either the conjunction or the opposition of Sun and Moon. 
The first half of this verse, then, correctly states that the parvan is the boundary 
between the first and second halves (paksas) of a month.

The second part of this verse refers to the 17th yoga, called vyatipäta, in a se
ries of 27 yogas. These yogas count arcs of 13;20° each, contained in the sum of solar 
and lunar longitude (cf. also 111,20-22). According to XII,3 a conjunction occurred 
at epoch, in A.l). 80, at the beginning of Dhanisthä, i.e. at Capricorn 23;20° or À = 
293;20°. Consequently the yoga has the number

2-293;20 226;40
13;20 “ 13;20

17 (1)

i.e. vyatipäta.
Furthermore, the combined travel of Sun and Moon in a yuga of 5 years is 

5 + 67 = 72 complete rotations, i.e. 72-360°. But each scries of 27 yogas of 13;20° 
each amounts also to 360°. Thus the above travel contains 72 series of yogas, ac
cumulated during 1830 days (cf. XII,1 (3)). Hence the number of series elapsed 
since epoch at ahargana a is given by

72
a

1830
12

305 (2)
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XII,5. For the interval from the winter solstice to the summer solstice (the “nothern 
ayana”) the length of daylight C, measured in muhûrtas:

30 muhûrtas = 1 day, (1)
is given by

C = (n + 732) - 12 muhûrtas (2)

where n is the number of days since the winter solstice. For n = 0 this formula gives
C = 12, for n = —=183 one obtains C = 18. Hence (2) is based on the assump
tion that the length of daylight varies according to a linear zigzag function between
the extrema

m = 12 M = 18
i.e. it is assumed that

m 2
M ~ 3 (3)

and that the year is exactly halved by the solstices. The ratio (3) is a basic parameter 
in Babylonian astronomy; cf. 11,8 above.

Chapter XIII

XI11,1-5, 9-14. This is the conventional cosmography of the astronomers who have 
adapted the Puränic (and Jaina) conception of a Hat oikoumene surrounding Mount 
Meru to the necessities of spherical astronomy by retaining Meru as the North Pole 
where the gods dwell, and calling the South Pole Vadavämukha, the dwelling place 
of the demons. The phraseology echoes verses of Lätadeva (see above Pt. I p. 14f.). 

XI11,6-7. The “others” are Aryabhata (Aryabhatïya, Dasagïtikâ 4 and Gola 9).

XIII,8. The Arhats or .fainas believe that there are two Suns, two Moons, and two 
sets of naksatras which rise alternately, so that a complete revolution of one of these 
bodies about the center of the flat earth, Mount Meru, takes 2 nychthemera. This 
system is also referred to by Brahmagupta (Brâhmasphutasiddhânta XI,3) who per
haps had this verse of the Pancasiddhäntikä in mind; for a detailed description of 
this peculiar conception see Kirfel [1920] pp. 285-291 and plate 16.

Varähamihira’s criticism seems to imply that the Jaina theory must be false 
because a determined point associated with the Sun appears on two successive nych
themera. This is not a valid criticism as the Jainas could assert an absolute identity 
in appearance between the two opposite halves of heaven occupied by the two Suns. 
More cogent would have been the argument that the Jaina theory accounts for only 
90° of motion of heaven between sunrise and sunset whereas observations with a 
gnomon would quickly establish that the motion amounts to about 180°. We do not 
see, however, how such an interpretation could be made of this verse.

6*
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XIII,9-10. These verses show that Lanka is located on the terrestrial equator, <p = 0°, 
and Avanti at 99 = e = 24°. Cf. also XIII,19.

XIII,15-19. The following relations are assumed for a terrestrial great circle:

Io = 8;53,20 yojanas (1)

1 yojana = 0;6,45°. (2)

Consequently one quadrant measures 800 yojanas (in agreement with 111,14 and 
IX,10).

On the basis of the relation (1) the distance in yojanas can be found between 
two places on the same meridian after the geographical latitudes were determined 
by direct astronomical observation.

The distance from Mount Meru to Avanti (= Ujjayini) is 5862/3 yojanas, hence, 
according to (1), exactly 66° as it should be if 99 = 24° at Avanti (cf. XIII,10).

XIII,20-25. Here are consequences developed, based on the assumption made in
XIII,15-19:

42° = 3731/3 yojanas north of Avanti
i.e., at a latitude

(p = 66° = 90° -E

the longest daylight is 60 nadikas = 24 hours. 
Furthermore

4035/9 yojanas 45;24° north of Avanti J and 3 remain invisible
482 yoj. 54;14° north of Avanti 111 to 'zz, remain invisible
5862/3 yoj. = 66° north of Avanti to )( never rise, Y to HP never set.

If one schematically identifies months and zodiacal signs, the above statements imply 
that

at cp 69;24° 
at ~ 78;14°
at <p = 90°

longest daylight = 2 months 
longest daylight = 4 months 
longest daylight = 6 months.

In Almagest 11,6 the same data are associated with (p 69;30°, <p 78,-20°, (p = 90°
respectively.



Nr. 1 85

XIII,26—29. Cf. the commentary to XIII,1—5, 9—14.
The astrological rules in XIII,28 are common to all Sanskrit texts on the subject 

since they were introduced by the Yavanajätaka of Yavanesvara in 149/150 A.D.

XIII,30-34. The tip of a gnomon which is parallel to the earth’s axis is g sin 99 above 
the horizontal plane (cf. Fig. 47) at a locality of latitude^.

XIII,35-38. On the phases of the Moon. For the paksas cf. the commentary on 
111,18-19.

XIII,39-42. The order of the planets is the familiar Greek one. From it follows the 
order of the rulers of the months, hours, days, and years (for which cf. 1,17-21).

Chapter XIV

XIV,1-4. We have here a graphical method for the determination of the ascensional 
difference co (cf. Fig. 48B) to given declination à — though the formulation of the text 
is less general since it considers only the endpoints of zodiacal signs.1)

The basis of construction is a graduated circle AN with center O (cf. Fig. 48), 
only one quadrant being actually needed. On its circumference one marks the point 
H such that the arc NH represents the given geographical latitude cp and AO the 
equator. Consequently HO represents the horizon if N is the north pole. A second arc 
is determined such that AB is the declination. Since AO is the equator the parallel 
DB is in the plane of the day-circle which belongs to ó, hence DB = r the “day-radius”, 
DC = e the “earth-Sine” (cf. Fig. 48A) and

e = Sin <5 tan 99. (1)
x) The ascensional difference is called “composite” (XIV,4) when the arc beginning at the vernal 

point extends over more than one sign.
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One now nses the same diagram as representation of the plane of the day-circle 
by making OE = OF = DB = r. We then determine on the day-circle a point F such 
that the chord EF = 2e. If we call the resulting angle

EOF = 2 co
one has

since = e/r
thus with (1)

R
Since = SinÔtanç? (2)

r

which is, according to IV,26 (2), the defining relation for the ascensional difference 
ce which belongs to <5.

The present method is, of course, independent of the units in which the radius 7? 
of the diagram is drawn. Why the text requires to make OA = 90 digits is not clear 
since R = 90 is nowhere else a norm for trigonometric functions. Only if our first 
interpretation of XIV,7 is correct the number 90 could perhaps represent the number 
of degrees from the pole to the equator.

XIV,5-6. If t is a time interval (since sunrise or before sunset), measured in nâdîs, 
then 6t is the equivalent angle in degrees. If furthermore so is the length of the shadow 
cast by a vertical gnomon of length g at noon, s at any lime I, the text seems to tell 
us how to find the increment of s over .so. Apparently this should be found from

s = .so + 7? - Sin t. (1)

Unfortunately such a relation cannot be correct since it gives for / = 0 not s = oo 
but ,s = .so+ 7? (though for t = 90° one obtains ,s = .so as expected).

Furthermore any such formula must involve g, the geographical latitude <p, 
and the solar declination on the day in question. The only possibility of avoiding 
these data would imply that (1) concerns only the equinoxes and that .so, the equi
noctial noon shadow, is considered to be a given parameter. But even so s would 
have to be found from ,s = .so/cosa with a found from tana = cotr/sinq?.

XIV,7. A possible interpretation of this verse is illustrated by Fig. 49. Let AN re
present a quadrant of the equator with OA = 90 (cf. XIV, 1-4). On this quadrant 
make AP = 30°, AQ = 60°. Parallel to NO are drawn the declinations NB = e, 
QQ' = ó(60°) 20;30°, PP' = ó(30°) ll;40°, measured in the same units as the
radius NO — and, if desired, analogously for any other arc from A toward N. The 
resulting curve AP'Q'B is then considered as representing the ecliptic. One now draws 
the radii OP'P", OQ'Q" which intersect the given quadrant at points P", Q" which 
define arcs AP" = a(30°), AQ" = a(60°) which are supposedly the right ascensions 
for A = 30° and Â = 60° respectively.
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That this procedure is not correct (except for A and N) is obvious. This can 
be seen also by direct measurement which gives AP" 23° (instead of 27:50°) 
and AQ" 52 “(instead of 57 ;55°). Only the general trend of the right ascensions 
as function of Â is more or less preserved. Cf. also XIV,10—11.

The advantage of this interpretation of the text lies in the fact that it relates the 
problem at hand to the general type of numerical and graphical methods which are 
presented in this chapter. Otherwise an alternative translation could be proposed 
which implies no more than a simple description of the concept “right ascension’’:

“The ecliptic (lies) on a line (running through) the degrees of declination north 
and south of the equator; the degrees of the (corresponding) arcs of that (i.e., of the

equator) multiplied by 10 are, in order, the vinädikäs if rising (the right ascensions) 
of the zodiacal signs”.

XIV,8-10. Let G be the foot of the gnomon of length g (Fig- 50), the point C of the 
north-south line the endpoint of the equinoctial noon shadow. A point F is obtained 
by turning the gnomon down into the east-west line, hence making FG = g. Then 
FC intersects the circle at an angle ÿ from CG such that ÿ is the colatitude.

The construction in XIV,9-10 (cf. Fig. 51) is only a trivial variant of the 
same idea.

XIV,10-ll. Based on the graphical method assumed in Fig. 49 as interpretation of 
XIV,7 the longitude z which belongs to a given declination ó could be found by fitting ô 
(parallel to NBO) between the two curves (cf. Fig. 52). The principle of such a pro
cedure is, of course, incorrect, e.g., because the quadrant AN is now used as repre
senting longitudes though originally serving as the equator.

XIV,12-13. The elongation AÅ between Sun and Moon is found by direct observa
tion. Since the velocity of the Moon relative to the Sun is about 12° per tithi the quo
tient Z1Â/12 is an estimate of the number of elapsed tithis since conjunction.
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XIV,14-16. The following construction supposedly provides a method for finding 
the path of the shadow end of a vertical gnomon and the position of the meridian 
line from three arbitrarily selected positions of the shadow (cf. Fig. 53). If G is the 
foot of the gnomon, A, B, C the endpoints of three shadows si, .s*2,  S3 then M is con
structed as midpoint of the circle which circumscribes the triangle ABC; this circle 
is assumed to be the path of the shadow, i.e. a hyperbola is approximated by a circu
lar arc as may be reasonably adequate for the section from A to C.

Fig. 50.

It is obviously wrong, however, that MG defines the meridian line since the 
same points A, B, C, and M can be the result of totally different positions of G. Or 
formulated differently: three points define a circle but not a hyperbola.

XIV,17-18. Definition of concepts which have been used many times before.

XIV,19-20. Construction of a hemispherical sun dial (cf. Fig. 54), the plane of its 
rim being made to coincide with the plane determined by the east-west line and the 
direction to the north pole. The gnomon in the center will point in the direction of 
midheaven, its tip being at the center of the sphere. The endpoint of the shadow then 
describes the part above the horizon of the respective day-circle. From this can di

rectly be known the nâdïs that have elapsed since sunrise. However, one cannot find 
the ascendent point of the ecliptic by adding an arc on the day-circle to the longitude 
of the Sun.

XIV,21-22. Fig. 55 illustrates the principle of the instrument in question. Using for 
the “hand” (hasta) and the “finger” a norm as found in the Äryabhatiya (Dasagïtikâ 
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6) we get a ratio 1 :48 for the width of the ring to its diameter and width of the ring of 
about 1/3 of an inch. To keep such a ring accurately circular and in the same plane 
will not be easy. A practical execution of the instrument was probably never attempted.

XIV,23-26. The text seems to suggest a solid sphere with the principal circles drawn 
on its surface. Equidistant perforations made on the ecliptic should then be used to 
single out two diametrically opposite holes which dehne the position of the Sun in 
longitude.

The practical difficulties in constructing such a sphere would be extremely great 
and an armillary sphere, consisting of a system of rings, woidd serve the purpose 

much better. The wording of the text, however, seems not to allow such an interpre
tation.

XIV,27-28. Strings are used for drawing circles, water for leveling surfaces, sand 
either for constructing diagrams on the ground or for computing on the sand-board.

The references to the forms of tortoises and men look more like tantra than 
ganita.

XIV,29-30. The only accurate time signals available in ancient astronomy for the 
determination of relative geographical longitudes were lunar eclipses.1) The present 
verses speak of full-moons in general which would, in practice, deprive the method 
of all its value since the accurate moment of opposition cannot be established by ob
servation.2) Nevertheless the underlying idea is in principle correct, being based on 
a reversal of the rule for the application of the correction for geographical longitude
differences, e.g., in IX, 10.

The longitudes of Sun and Moon at opposition, i.e., 2S and = 2S + 180° may 
be assumed to be known by computation. Hence one can in principle establish by

9 This method can be made independent from man-made clocks by relating the characteristic phases 
of the eclipse to transit observations of stars.

2) An error of only 10 minutes in longitude (considered permissible even at the height of Greek astro
nomy) would result in an error of 5° in geographical longitude and parallax alone could increase the error 
to five times this amount. 
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observation the moment at which the moon reaches this longitude Am. At that moment 
one also should observe which point of the ecliptic is rising, giving us, at least ideally, 
a longitude Ah and hence an ecliptic arc Ar - Am which is equal to the arc As — (Ar + 180°) 
The oblique ascension of the arc Ar - Am is therefore equal to the time /' (expressible 
in ghatikâs) since local sunset.

The simplest method of proceeding would be to apply the equation of daylight 
to t' and thus to find the time t of the observation after 6 p.m. (in equinoctial hours). 
On the other hand, one can find by the standard computational methods of the karana 
the time to of the opposition with respect to 6 p.m. Lanka. Hence the lime difference 
At = to~ t between the given locality and the prime meridian would be known, which 
solves our problem.

The text is by no means clear but seems to ask for a more intricate procedure. 
Although mentioned in the text at the wrong place we may assume the transformation 
of /' into t carried out correctly, i.e., we consider to be known the time t in equinoctial 
hours after 6 p.m. local time at which the opposition took place. One now computes 
for the same number t of hours after 6 p.m. Lanka time the longitude Ao of the Moon. 
Then AÅ = Am — Ao represents the lunar motion during the time interval AÂ between 
the local meridian and the prime meridian through Lanka. Hence At can be found 
from AÅ by dividing the latter by the lunar velocity-reminiscent of the conversion 
of a longitudinal difference into lithis.

This circuitous way is not only needlessly complicated but increases consider
ably the number of inaccurately known elements. The whole method probably had 
never been tried in practice.

XIV,31-32. Both the inpouring and the outpouring types of waterclocks are here 
described. For other references in early Sanskrit literature see Isis 54 (1963) p. 232 
to which add Sphujidhvaja, Yavanajätaka 79,27.

The text states that there are ISO breaths (sväsa) in a uadi. Each sväsa consists 
of two pranas — an ingoing and an outgoing. The prana, in fact, is traditionally a sixth 
of a vinädi (i.e. 1/36o of a day) or the time necessary to recite 10 long syllables. XIV,32 
contains 60 long syllables, and should therefore require 1 vinädi to be recited.

Table 10.

Yogatara
Longitude Latitude

Varahamihira Paitâmaha Varahamihira Paitâmaha

Krttikâ 32;40° 37;28° + 3;9° 4- 5°
Rohinï 48;30 49;28 — 5 ;51 — 5
Punarvasu 88 93 + 7;12 and 7 ; 12 + 6
Puçya 97 ;20 106 + 4 ;3 0
Äslesä 107;40 108 + 0;54 and — 0;54 - 7
Maghâ 126 129 - 0
Citrâ 181;50 183 - 2 ;42 -- 2
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Table 11. Table 12.

Regulus
No.

Longitude Latitude

A.D. Â Var. I’ait. Var. Pail.

0 122; 9° 1 — 93;20° -91 ;32 + 3; 9° + 5°
100 123 ;32 2 -77;30 - 78 ;32 — 5 ;51 -5
200 124 ;54 3 -38 -36 ±7;12 + 6
300 126 ;17 4 -28;40 -23 + 4; 3 0
400 127:40 5 - 18;20 21 ±0;54 -7
500 129; 3 6 0 0 - 0
600 130 ;26 7 + 55;50 + 54 - 2 ;42 -2

XIV,33-37. These verses are to be used in predieting the conjunctions of the Moon 
with certain fixed stars whose longitudes are given as degrees within the naksatras 
for which they serve as reference stars (“yogatäräs”); the latitudes are given in “hands” 
(hastas), of which each should be approximately 0;54°.

We can easily compare (cf. "fable 10) the figures in our text with those of the 
Paitämahasiddhänta of the Visnudharmottarapuräna (111,30) from which all later 
Indian star catalogues seem to be derived — with various modifications, of course. 
The discrepancies in latitude seem to indicate that the yogatäräs of Krttikä, Pusya, 
and Äslesä according to Varähamihira are different from those according to Paitä- 
ma ha.

The safest identification seems Maghä and Regulus (a Leo) since the longitudes 
of Regulus between A.D. 0 and 600 agree with such an identification (cf. Table 11). 
The latitude of Regulus during this period is practically constant + 0;24° in fair agree
ment with the Indian norm.

For the further investigation it is advantageous to operate with relative longi
tudes, e.g., with respect to Maghä, since one eliminates in Ibis way all chronological 
questions. Thus Table 12 can replace Table 10. Similarly Table 13 gives the coordi
nates of six stars which may be identified with some degree of plausibility with the 
yogatäräs Nos. 1 to 3 and 5 to 7 of Table 12. For No. 4 one would like to suggest 
some star in Cancer but no convincing identification presents itself.

Table 13.

Magn. Long. Lat. No.

r/ Tau (Hyades) 5 —89;57° + 3;52° 1
a Tau (Aldebaran) 1 — 80;ll — 5;35 2
ß Gem (Pollux) 2 36;27 + 6;33 3

E Can (Crib) neb. - 22 ;32 + 1; 0 5
a Leo (Regulus) 1 0 + 0;24 6
a Vir (Spica) 1 + 53 ;55 — 1 ;56 7
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XIV,38. If the Moon at latitude ßm comes in conjunction with a star of latitude ß, 
i.e., if the Moon and the star are of same longitude, then the distance b of the northern 
rim of the Moon from the star (cf. Fig. 56) is given by

b = (ß-ßm)-O;ir (1)

since (VI,3) we have for the apparent diameter of the Moon

dm = 0;34°. (2)

If one measures, however, the distance b in “digits” such that

dm = 15 digits (3)
then one has lo replace (1) by

b = ~17') digits (4)

measuring ß and ßm in minutes of arc. According to XIV,33 the distance ß-ßm has 
been found by observation. Of course it would be more reasonable to determine ßm 
from the directly observable distances ß and b.

The origin of the norm (3) is unknown but in V,4 we have a similar division 
of the lunar diameter in 15 “parts”.

XIV,39-41. It is the purpose of the text to compute for a given geographical latitude <p 
the longitude 2S of the Sun at the heliacal rising of the star Canopus (which has a lon
gitude near, or equal to Cancer 0° i.e. 90°). The text relates the rising time q of the 
arc Âs-90° to an expression reckoned in degrees and then multiplied by 10 in order 
to obtain time units (vinâdïs). We can avoid this factor by counting also oblique 
ascensions in degrees. Then the text seems to say

|(so-0;250 + 21°-so) = e(As-90°) (1)

where .so is the equinoctial noon shadow.

.so = 1 2 tan (p (2)
and thus for (1)

2,8;30 tanç) = @(Âs-90°). (3)
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This relation cannot be strictly correct since we know that the Sun must be somewhere 
in the last third of Leo1) which makes As-90° about 50° or 60°, hence the oblique 
ascension greater than 50 and increasing with cp. The left-hand side, however, is zero 
at the equator and increases toward 120 as (p moves toward 45°. Hence (3) can be 
only approximately correct within certain limits of cp. Il is plausible to investigate 
the situation for (p = 24°, which is the latitude of Ujjayinï, hence for lanç?^ ();27. 
This gives

e(Âs-90°) ~ 58

which is satisfied at cp & 24° by Å8 Leo 21. Hence (1) would be applicable for an 
area which contains Ujjayinï.

Chapter XV

XV,1-4. The Sun is “eclipsed” for any observer located within the shadow of the 
Moon. In this sense there is always a solar eclipse somewhere in the universe; he 
who correctly knows the relative position of the two luminaries can predict where

©

and when a solar eclipse will be visible. The Pitrs, who dwell on the side of the Moon 
opposite the earth, cannot see the Sun for half a synodic month; the middle of this 
type of “solar eclipse” occurs at full moon.

XV,5-6. On the north pole solar eclipses are considered impossible. The argument 
seems to be that the ecliptic is not far enough from the equator to cause the Moon’s 
shadow to reach the north pole. This would be, however, the case only if the Moon 
would be restricted to a position in the ecliptic. But it is easy to see (cf. Fig. 57) that 
for a conjunction near the summer solstice a lunar latitude of about Io suffices to 
produce a solar eclipse on the north pole.

XV,7-9. Dependence of a solar eclipse on local time, whereas XV,9 refers to the 
influence of longitudinal parallax, here estimated as reaching as much as 2 ksanas = 
4 nâdïs. This agrees with the estimate for the horizontal parallax in Vil,1 and VIII,9.

XV,10. The reference is to Brhatsanihitä 5, 8-11.
9 Brhatsamhitâ XII,14 gives Leo 23° as solar longitude when Canopus rises.
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XV,11-14. If one calls a “nychthemeron” the succession of one period of light and 
one of darkness, then 60 nädis is a nychthemeron for men, a synodic month for the 
Pitrs on the Moon, and one year for the Gods on the north pole.

XV,15. The maximum altitude at which the Gods on the north pole can see the Sun 
is £ = 24°. In contrast, the same altitude is attained in 2 ksanas = x/i5 day when the 
Sun crosses a horizon perpendicularly, as is possible for geographical latitudes 
|ç?| £, thus, e.g., anywhere between Ujjayini and Lanka.

XV,16-21. This discussion is clear enough; it will suffice to indicate here some 
parallel references to statements about the epochs of the various authorities listed by 
Varähamihira.

XV,18. The epoch here ascribed to Lätäcärya is found again in 1,8 as that of the 
Romakasiddhänta; the epoch-dale 22 March 505 A.D., then, must be Läta’s. But 
note that in VIII,5 sunset at Avant! is ascribed to the Romakasiddhänta.

XV,19. Simhäcärya is not otherwise known, but his epoch is the standard epoch 
of most Indian astronomers — e.g., for both the äryapaksa and the brähmapaksa.

The guru of the Yavanas gives as epoch 10 muhürtas i.e., 8 hours past sunset, 
hence about 2 hours 30° to the west of the prime meridian Lañka-Ujjayinl. We 
have seen in 111,13 that Yavanapura (Alexandria) is assumed to lie 44° to the west 
of Ujjayini, as is very nearly correct. Baghdad-Babylon, however, lies 31 ;25° west 
of Ujjayini; so the epoch of the guru of the Yavanas is midnight at Babylon as it was, 
e.g., in the Sasanian Zij ash-Shäh (according to al-Bïrünï, cited by E. S. Kennedy, 
J AOS 78, 1958, p. 260-261 ).

XV,20. Aryabhata’s first epoch is that of the ärdharätrika system, for which see 
Part I p. 14; his second is that of the Arvabhatiya, Dasagitikä 2 and Kälakrivä 16.

XV,22-23. In Puränic cosmology the inner continent, Jambùdvipa, of which Mount 
Meru is the center, has at its four cardinal points the four territories listed here: 
Bhäratavarsa (i.e., India) to the south, the Bhadräsvas to the cast, the Kurus to the 
north and the Ketumälas to the west. Similarly the astronomers (e.g. Aryabhatiya, 
Gola 13) posit on the equator four cities distant 90° from each other; starting from 
Lanka and proceeding westward they are Lanka, Romakavisaya, Siddhapura, and 
Yamakoti.1)

XV,24. This verse slates that the various series of chronological units begin at the 
beginning of the yuga, at which time all of the planets were at Aries 0°. There is some 
ambiguity in the text as it is stated that both the series of days and that of nights begin 
at this time. The apparent contradiction disappears if we assume a sunset epoch 
and interpret the word “day” (dina) in the sense of “nychthemeron”. But Varä
hamihira may also have been expressing himself in a very loose manner.

9 Cf. D. Pingree, The Thousands of Abu Ma'shar, p. 45.
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The ayanas are usually the semicircles of the solar orbit from solstice to solstice 
but in the present context a beginning at the equinoxes is required. The rlus define 
a kind of seasonal division of the year. The “motion of the constellations’’ counts 
the number of sidereal days in a yuga.

XV,25. Romakavisaya is per definition 90° west of Lanka, and Yavanapura is by 
111,13 44° west of Lankä. The variation referred to in the second half of the verse 
is a direct effect of the variation in the length of daylight; such a variation does not 
exist, however, at Lanka itself but at any other locality on the prime meridian through 
Lanka.

XV,26-29. Criticism of the ordinary concept “Lord of the day’’ because of its de
pendence on geographical location.

Chapter XVI

XVI,1-9. In order to find from the ahargana a for the outer planets their mean 
(sidereal) longitude À, for Venus and Mercury the sighra (i.e. the sum of the mean 
sidereal longitude of the Sun plus the planet’s mean anomaly), rules of the following 
form are given

(1)

Here po is the approximate duration (in days) of one sidereal rotation, ô a correction 
due to the inaccuracy of po, and c (in degrees) the epoch constant (ksepa).

The given data for 1 /po and the resulting values for po are shown in Table 14. 
Note that the values of po are the exact equivalents of the ratios given for 1/po, no 
roundings being involved. The identical values for 1/po for Mars, Venus, and Mer-

Table 14.

1/Po

Saturn 

Jupiter . . . .

1000 16,40 1,0,0,0
10766066 49,50,34,26 2,59,26,3,57,36

100 1,40 1,0,0
433232 - 2,0,20,32 ” 1,12,12,19,12

1 1
687 11,27

Po

2,59,26 ;3,57,36d

I, 12,12;19,12d

II, 27dMars

Venus 10 10 1,0
sighra......... 2247 37,27 3,44,42

Mercury 100 1,40 1,0,0

sighra......... 8797 2,26,37 1,27,58,12

3,44 ;42d

l,27;58,12d
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2,1,45,10,30,0 = A

Table 15.

N Npo A = Np0 —A

Saturn.... 146 564 40,42,44 2,l,45,10,28,17;13,26,24d 1,42 ;46,33,26d
.Jupiter . . . 364 220 = 1,41,10,20 2,1,45,10,26,30 ;24 - 3,29 ;36
Mars......... 2 296 824 = 10,38, 0,21 2,1,45,10,34,48 + 4,48

Venus ....
slghra

7 022 388 - 32,30,39,48 2,1,45,14, 3, 3;36 + 3,33,3 ;36

Mercury . .
17 937 000 = ,23, 2,30, 0 2,1,45,10,31,30 + 1,30

cury and equivalent expressions for Saturn and Jupiter are found in Khandakhä- 
dyaka 11,1-5.

In order to determine the correction <5 one has to introduce the numbers p of 
days which represent the accurate lengths of the sidereal periods of the planets. 
Traditionally these numbers p arc defined by saying that exactly N sidereal revolutions 
of the planet take place during A days, i.e.,

For the number A can be taken the number of days in a Mahäyuga, i.e., in 20,0,0,0 
sidereal years. In the ärdharätrika system it is assumed (cf. IX,1) that

A = 1 577 917 800d = 2,1,45,10,30,O'1 (3)

which is the exact equivalent of the statement that

1 sidereal year = 365 ;15,31,30d. (3a)

In the following we shall use the parameter (3) and the values N listed in Table 15. 
It follows from the definition of p as exact sidereal period that one should have

j-c = 360 —
P 

whereas (1) gives
a a 

Å-c = 360 — + —-5.
Po po 

Consequently

— (360 + 5) = -360 and thus Ô = 360[ — — 1 
po p \p

Finally, using (2), we find for 5, measured in degrees
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Table 16.

6,0 -A/A Text: <5

Saturn........ —0; 0, 0, 5, 3,. . ,° -0; 0, 0, 5°
Jupiter .... -0; 0, 0,10,19,. . . -0; 0, 0, 10
Mars........... + 0; 0, 0,14,11,. . . + 0; 0, 0,14

Venus........ + 0; 0,10,29,58,. . . + 0; 0,10,30
slghra

Mercury . . . + 0; 0, 0, 4,26, 6,. . . + 0; 0, 0, 4, 30

ô =
A G)

in excellent agreement with the valnes found in the text (cf. Tables 15 and 16).
The problem of determining the accurate moment of the epoch is naturally 

related to the explanation of the values given in the text for the epoch constants, the 
ksepas. We shall show in the following that the epoch positions for the Sun and the 
Moon are referred to noon (Ujjayini) of March 20 A.D. 505 whereas the positions 
for the planets are based on midnight March 20/21 of that year. One can consider 
this inconsistency as evidence for an earlier version of the Süryasiddhänta (cf. above 
Pt. 1 p. 13 f.)

For the date of the epoch we can conclude from the ride given in 1,8 for the 
computation of the ah argan a that 427 years in the Saka era were completed at the 
epoch. Adding 427 to the number 3179 af years conventionally assumed as the date 
for the beginning of the Saka era with respect to the Kaliyuga1) we obtain for our 
epoch a distance of exactly 3606 (= 1,0,6) years from the beginning of the Kaliyuga.

We know furthermore (cf. (3a)) that

1 sidereal year = 6,5 ;15,31,30d.

Consequently the 1,0,6 years elapsed since the beginning of the Kaliyuga contain

6,5 ;15,31,30 • 1,0,6 = 6,5,52,3;3,9d ~ 1 317 123d. (5)

If we add these days to the beginning of the Kaliyuga, i.e. to midnight of February 
17/18 -3101 we obtain (ignoring the fraction 0;3,9d) midnight March 20/21 A.I). 505.

Computing for this moment and with the parameters of the ärdharätrika system 
the planetary (mean) positions one finds exactly, or almost exactly, the epoch con
stants given in the present chapter (cf. Table 17). For Sun and Moon, however, one 
finds discrepancies of about one half day’s motion too short; this shows that for these 
bodies noon of March 20 had been used as epoch, thus confirming the statement in 
IX, 1 that noon in Avanti is the point of reference for the solar longitudes. In the fol
lowing we shall first deal with the epoch constants for Sun and Moon as given in

9 Brähmasphutasiddhänta 1,26 or Laghubhäskariya 1,4.
Hist. Filos. Skr. Dan.Vid. Selsk. 6, no. 1. 7
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Table 17.

N 0:18,1,48-
N = C1

V
- 0;3,9-
V = c2

Cj + c2 = c' c XVI c — c'

Saturn.. 40,42,44 122;28,55,12° 0; 2, 0,23°/d -0; 0, 6,19° 122:28,48,53° 122;28,49° 5 0
Jupiter . 1,41,10,20 8; 6,36, 0 0; 4,59, 9 — 0; 0,15,42 8; 6,20,18 8; 6,20 6 0
Mars . . . 10,38, 0,24 75;36,43,12 0;31,26,27 -0; 1,39, 2 75;35, 4,10 75;35 6 -0;0,4°

Venus . . 32,30,39,48 267;35,38,24 1 ;36, 7,44 -0; 5, 2,48 267;30,35,36 267;30,39 9 + 0;0,3
Mercury 1,23, 2,30, 0 148 ;30, 0, 0 4; 5,32,17 -0;12,53,27 148;17, 6,33 148:17 9 -0;0,7

IX,4 and 5 (cf. Table 18 and 19) before turning to the planetary ksepas from XVI,5, 6, 
and 9 (Table 17).

Let N again represent the number of sidereal rotations of a celestial body (or 
apogees, or nodes) in 20,0,0,0 sidereal years, thus N/2Q,0,0,0 the number of revo
lutions per year and therefore

N
1,0,6-------------6,0° = 0;18,l,48-iV (6)

20,0,0,0

the mean motion during 1,0,6 sidereal years since the beginning of the Kaliyuga. 
At the beginning of the Mahäyuga, i.e. 15,0,0,0 years before the beginning of the 
Kaliyuga, ail mean longitudes are assumed to be zero. The number of sidereal re
volutions during 15,0,0,0 years is given by

N
15,0,0,0------------  = O;45-;V. (7)

20,0,0,0 v 7

Hence, whenever the last digit of A, multiplied by 0;45, produces a number ending 
in zero—that is to say, whenever the last digit of N is divisible by 4 — then the number 
of rotations during 15,0,0,0 years is an integer and therefore the corresponding longi
tude will again be zero, also at the beginning of the Kaliyuga.

The values of A' for the rotations of Sun and Moon in a Mahäyuga are1)

Sun, mean longitude:
Moon, mean longitude:
Moon, apogee:
Moon, nodes (retrograde):

20,0,0,0
4,27,22,35,36 

2,15,36,59 
1,4,30,26.

The first two numbers are divisible by 4; thus the mean longitude of Sun and Moon 
is zero at the beginning of the Kaliyuga. But 59-0;45 = 44;15 and 26-0;45 = 19;30. 
Consequently the lunar apogee had a longitude of 90° at the beginning of the Kaliyuga 
while the longitude of the ascending node was ±180°.

0 Cf. note 1 to 1,14, Table 1.
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Table 18.

c0 + 0;18,l,48-N = ct

Sun, Mean Long.
Moon, Mean Long.
Moon, Apogee
Moon, Asc. Node

o°+ 0° = 0°
0 +357;28, 4,48 = -2;31,55,12°

90 + 189;48,34,12 - 279;48,34,12
180 -303;54,46,48 = -123 ;54,46,48

Having thus found the initial longitudes co for the beginning of the Kaliyuga we 
can now go 1,0,6 years forward to the epoch in A.D. 505 by adding, according to (6), 
the amount of 0 ;18,1,48 • A’. The resulting longitudes ci are shown in Table 18. We 
must now observe that (5) tells us that 1,0,6 sidereal years, beginning at midnight 
of —3101 Febr. 17/18 lead 0;3,9d beyond midnight of A.D. 505 March 20/21. Thus 
noon of March 20, the epoch for Sun and Moon, precedes by 0;33,9d the endpoint 
of 1,0,6 years.

Let ñ be the daily mean motions as determined from the parameters of the 
ärdharätrika system in IX,1-5. Then

c‘2 = - 0 ;33,9 -p (8)

furnishes the motion away from ci found before. Thus

C = Cl + C2 (9)

are the longitudes to be expected for the epoch, i.e., for noon of March 20 A.D. 505. 
Table 19 shows that the agreement with the ksepas given in IX,4 and 5 is excellent.

A similar consideration leads us to the ksepas for the planets in XVI,5—9. All 
numbers N are divisible by 4, thus all longitudes are zero at the beginning of the 
Kaliyuga and (6) gives directly ci (cf. Table 17). Since midnight epoch is used for 
the planets the excess of n is only 0;3,9-ñ where v is again the daily mean motion 
based on ärdharätrika parameters. Thus the expected epoch-longitudes are c = ci- 
0;3,9-ñ, again in excellent agreement with the ksepas in the text.

Table 20 gives in column I the modern data for the planetary positions in A.D. 
505 March 20 (7 p.m. Babylon).1) Column II is computed with Theon’s “Handy

Table 19.

IN V -0;33,9-v = c2 Cj + c2 = c' c IN c - c'

Sun, Mean Long. 1 (3) 0;59,8,10°/d -0;32,40,22° -0:32,40,22° -0;32,40° 1 (5) 0
Moon, Mean Lng. 2 (3) 13;10,34,52 — 7;16,47,46 -9;48,42,58 - 9;48,44 2 (4) — 0;0,l°
Moon, Apogee 3 (3) 0;6,40,59 -O;3,41,33 279;44,52,39 279;44,53 3 (4) 0
Moon, Asc. Node 5 (3) -0;3,10,44 + 0;l,45,23 -123;53,1,25 -123,53,3 5 (4) — 0;0,2

J) From Tuckerman, Tables. The time difference to midnight Ujjayini is only 3h.
7*
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Table 20.

Planet 1 II c c- Il

Saturn Â
Å

123.19° 120;13°
125;19 122;28,49° 2;50°

Jupiter Å
Ä

9.41 7 ;45
9 ;41 8; 6,20 - 1 ;35

Mars 7
Å

53.78 47;31
80;34 75;35 — 4;59

V enus Å
Á
0C

324.28 320 ;53
359;17
265; 2 267;30,39 + 2;29

Mercury Å
7
ÖC

6.89 13; 1 
359;17 
149 ;12 148;17 — 0;55

Tables” x) (for midnight Ujjayinï, March 20/21). The true longitudes in column II 
differ so little from the modern values that we may consider the mean longitudes and 
anomalies as fair estimates for these parameters (which have no simple parallel in 
modern tables). The agreement with the ksepas c is close enough to show their cor
rectness for the date of the epoch.

For the Moon all relevant parameters can conveniently be computed with 
P. V. Neugebauer’s tables (cf. Table 21, column II) and, for the sake of comparison, 
also from the ‘‘Handy Tables” (Table 21, column I). The longitude 7a of the apogee 
of the lunar orbit can be found, according to Fig. 58, from

7a = 7 — ä. (10)

The agreement of the ksepas is very good indeed.

Table 21.

Moon
505 March 20 noon Ujj.

c c- II
I 11

7 —9;24° -9.84° -9;48,44 + 0;1,40°
Â 345 ;50 345.13
ä 74; 5 70.6 70;26,23 -0;9,37

276;31 279. 6 279;44,53 + 0;9
-An 126 ;57 123.8 123;53,3 + 0;5

ß + 4 ;36 + 4 ;45

P Using (after correcting many errors) the edition by Halma “Commentaire de Théon d’Alexandrie. . . ; 
Tables manuelles des mouvemens des astres” Paris 1822, 1823.
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XVIJO-ll. The yearly corrections (bija) required according to these verses are

Saturn I +0;0,6,30°
Jupiter mean long. -();(), 10
Mars I + 0;0,17

Venus 1 , , -();(),45°
Mercury / sigh,a + 0;2

For Jupiter an additional correction of -0;23,20° (at epoch?) is to be applied.
If one computes the number of revolutions which accumulate by these correc

tions during 20,0,0,0 years and then adds the results (algebraically) to the numbers N 
known from the ärdharätrika system one obtains numbers (involving fractions for 
the outer planets) which are recorded nowhere else. We have no explanation to offer.

XVI,12-14. The underlying model of planetary motion assumed by the Surva- 
siddhänta, as by other early Indian texts, is a deferent concentric with the center 0

of the earth (cf. Fig. 59), carrying the mean planet P. The latter is the center of two 
epicycles, the “manda-epicycle” and the “sighra-epicycle”. On the former is situated 
the “mandocca” M such that the radius rm = PM has a fixed sidereal direction, pa
rallel to the direction from () to the apogee A; on the latter epicycle is moving the 
“sighrocca” S such that, for an outer planet, PS = rs is always parallel to the direction 
from 0 to the Sun (which, then, the text calls sighra, i.e., “conjunction”) whereas 
for an inner planet P coincides with the mean Sun while PS makes with the direction 
OP the angle a which represents the anomaly of the planet.

Obviously the displacement caused by the manda-epicycle is the cinematic 
equivalent of an eccentric deferent in the Greek planetary theory (with PM as ec
centricity) whereas the sighra epicycle plays essentially the same role as the epicycle 
which carries the planet.

As independent variables serve in the Indian arrangement the angles m (manda) 
and s (sighra) shown in Fig. 59,

/n = ÂA (1)

being the (sidereal) longitude of the apogee A, and
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s = Å + oc, (2)

the sum of the mean longitude of the planet and its anomaly. Both m and ,s produce 
corrections, /z and o respectively, which, combined and modified in a fashion to be 
described presently, lead from the mean longitude Å of lhe planet to its true longitude 2.

The basic parameters for both inequalities are expressed in the text as circum
ferences of the epicycles, cm and cs respectively, measured in units of which the cir
cumference c of the deferent of radius R contains 360.1) Since

for the norm /? = 60 adopted in Greek astronomy, however, one has

Cm Cm Cs Cs
(3)R 360 R ” 360

and since we have in the Pancasiddhäntikä the norm R = 120, it follows from (3) that

Cm
Cm = — cs =

Cs
(4)

3 3 ’

Cm
e =

6
(5)

Table 22 shows the specific values (following the ärdharätrika system) for the indi
vidual planets.2) All longitudes 2A of the apogees are sidereally fixed. It should be 
noted that the manda-parameters of Venus are lhe same as the solar parameters, 
taken from IX,7—8 (above p. 69 f.). This means, expressed in modern terms, that the 
solar orbit can serve as deferent for Venus.

Table 22.

manda sighra
asc.
node

cm rm e 2 a cs rs r 2n

Saturn .......... 60 20; 0 10; 0 240° 40 13;20 6 ;40 100°
Jupiter........ 32 10;40 5;20 160 72 24 12 80
Mars............. 70 23;2O 11 ;40 110 234 78 39 40
Venus ........... 14 4 ;40 2;20 80 260 86;40 43;20 60
Mercury .... 28 9;2O 4;40 220 132 44 22 20

Sun............... 14 4 ;40 2 ;20 80

x) These units are, of course, not “degrees” since every circle, independent of size, contains 360°.

Here, however, we are dealing with arc-lengths measured in units of length —— R such that the circum
ference of a circle of radius smaller than R contains less than 360 units.

2) For the Sun cf. IX,7-8 (above p. 69 f.).
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XVI,15-22. These verses give the rules for finding the true longitude 2 of a planet 
from its mean longitude 2, the latter assumed to be known, together with the mean 
longitude 2o of the Sun and the parameters from Table 22.

The first step (XVI,15) consists in the determination of the equation o caused 
by the epicyclic anomaly a (cf. Fig. 60). For an outer planet one has always

a = Ao — 2 (O
hence one can form with a as argument the trigonometric functions

bhuja (or balm) = Sin a = R sin a 

koti = Cos a = R cos a
I
I (2)

R being the radius of the deferent. Making use of the relation (1) of the preceding 
section one obtains (XVI, 16)

b
Cg o •

bhujaphaia = -----Sina = r8sina
J 1 360

k = kotiphala = ---- Gosa = rs cosa• 1 360

(3)

(cf. Fig. 60).!) Computing the “(sighra-) hypotenuse”

OS = h = I (R + rs cosa)2 + (rs sin a)2 
one finds (XVI, 17) 

b
Sin cr = R-

h

(4)

(3)

This gives the “sighra-correction” a; it is positive for 0 < a < 180° and negative in 
the remaining semicircle. Fig. 61 shows the general type of the function tr(a).

1) The rules of signs in XVI,16 follow a terminology according to which “Aries 0°” means a = 0. 
Consequently A? >. 0 for the arc “Capricorn 0° to Gemini 30°” and similarly for k < 0. Our notation k = rs 
cosa automatically takes care of these rules.
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The next steps consist in a modification of the direction of the apsidal line, first 
under the influence of the sighra correction, then by a manda correction (cf. Fig. 62).

The first displacement moves the apogee from A to Ai, and correspondingly
(7 

the endpoint M of the manda-radius to Mi, by the amount of the angle — where a

is the sighra correction found in (5). Having thus formed the “corrected longitude 
of the apogee” (XVI, 18)

n?i = m =F -f a (6)
one computes

xi = Ä- mi (7)

i.e., the angle made by the radius rm = MiP with the direction OP. From ki one ob
tains, as in (3), the perpendicular bi = MiNi from

Sinxi = rmsinxi = bi (8)
360

which is seen from () under the angle /zi.
In order to determine this angle /zi the same type of approximation is used as 

in IX,7-8 (above p. 69 f.) that is to say it is assumed (cf. Fig. 62) that

MiNi = bi «s PQ = R sin/zi
or

Sin/zi = bi. (9)

This manda correction is now used to correct once more the apsidal line by 
moving Ai to A2 (hence Mi to M2) by the angle -;/zi (cf. Fig. 63). Thus one forms

z??2 = mi ± //i (10)
and find from it (XVI, 19)

x2 = 1 - m2. (11)
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Hence one can find the perpendicular &2 = M2N2 from

(‘m

360
Sinx2 = rmsinx2 = ¿>2 (12)

to which corresponds a manda correction fi-z, again determined from

SÍI1/Z2 ¿>2- (13)

This correction /J2 is now used to change the position of the center of the sighra 
epicycle from the original mean position P to a point Pi of longitude Äi such that 
(XVI,19)

À! = ZTh2. (14)

With Pi as center one finds the sighra correction cri (of course by the same process 
as before a from (1) to (5)) for the anomaly (XVI,20)

ai = ^0 —Äi. (15)

The resulting sighra correction cri then defines the true longitude of the planet from

A = Â1 ± O'! (16)

which is in Fig. 63 the longitude of the point P' on the deferent. This completes the 
computation of the true position of an outer planet.

For Venus and Mercury (XVI,21) the equation of center of the Sun is still to 
be taken into consideration. Let Âao be the (sidereally fixed) longitude of the solar 
apogee, co the circumference of the manda epicycle of the Sun of radius r0 (which 
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is the equivalent of the solar eccentricity), Ao the longitude of the mean Sun al the 
given moment and

xo = Ao — ^ao- (17)
Then

co . _ . _
---- Smxo = rosinxo (18)
360

leads as before (c.g. (3) to (5)) to the manda correction /zo of the Sun. It gives us the 
amount by which the true Sun differs in longitude from the mean Sun; by the same 
amount the whole epicycle of an inner planet must be displaced with respect to the

corrected mean position Ji obtained in (14). Thus /zo has to be added to the value À 
given by (16).

This solar correction /zo appears to be unique to the Pancasiddhäntikä.1) An 
additional correction of -1;7° is prescribed in XVI,22 for the longitude of Venus. 
This is probably an empirical correction, perhaps introduced by Varähamihira.

With (16) we have finally the following rules for the determination of the true 
longitudes of the inner planets:

A = Ai + tri + //o — 1 ; 7 °
Z = Å1 + (71 + /ZQ

for Venus

for Mercury.

We now can turn to the problem of motivating the peculiar way in which the 
two equations, a depending on a and /z depending on z (cf. Fig. 64), are combined 
in the rules from (6) to (16). Obviously the core of the difficulty of computing planetary 
positions lies in the fact that two inequalities are superimposed and that all combi
nations of the two effects are in principle possible. In other words we are dealing 
actually for a function of two independent variables which one tries to control, for

*) An attempt to correct for solar equation was made in Khapdakhâdyaka IX,9. 
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practical reasons, through a combination of values depending on each variable 
separately.

In order to explain the astronomical meaning of the compromise adopted by 
oid text we replace the effect of the manda-epicycle by the equivalent eccentricity of 
the deferent and change our notation accordingly. Thus rm becomes the eccentricity e 
of the deferent (cf. Fig. 64 and Fig. 65), while rs is placed by r, the radius of the epi
cycle which carries the planet P. Without the effect of the eccentricity the mean planet 
would be at C and the true planet at P' when subject to the anomaly a alone.

To combine the two displacements, one in the fixed direction Cl) in the amount e, 
the other CP' depending on a, we assume that both are small in comparison to the

radius R of the deferent, such that the arc EQ of the deferent (cf. Fig. 66) may be 
considered a straight line, of course perpendicular to the direction OC. Under this 
assumption the observer at () would ascribe to the planet the longitude of Q when 
affected only by the sïghra correction a(a) = CQ. Conversely the eccentricity e would 
move the center of the epicycle from C (which is at a distance x from the apogee of 
the deferent) to I), i.e., to the longitude of the point E. Hence CE is the manda cor
rection

According to the rules of the text neither a(a) nor //(x) are used directly. The 
point with the distance xi from the apogee, where

xi = Ä - mi = x + o'

(according to (6) and (7)) is represented by the midpoint R of CQ (cf. Fig. 66). The 
manda equation //i which belongs to the point R would be obtained by projecting 
onto the deferent a vector from R parallel to CI) and of length e = CI). Formula (10), 
however, shows that only is used, i.e., the projection RU of RT = ^e. The 
parallelograms drawn in Fig. 66 show that T is a point of CP' and that U also can 
be obtained by projecting the midpoint Z of the parallelogram PP'CI) onto the de
ferent. Thus the use of yo and /zi is shown to be the equivalent of introducing the 
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midpoint of the resultant displacement of both inequalities, represented on the defe
rent by the point U.

One now considers U as the point for which the manda correction //2 should 
be obtained, then applied to C according to (14). This, in turn, results in some change 
in the epicyclic anomaly according to (15) and hence to a new sighra correction tri, 
to be used as the final correction in (16).

The statement made above that U is the representative of the midpoint Z of the 
resultant inequality is no longer exact when QE is curved. Nevertheless the general 
idea remains valid that a point near the point Z on the resultant may produce a better 
correction than a correction provided by either D or P' alone.

XVI,22. In the Paitämahasiddhänta of the Visnudharmottarapuräna IV, 15 one finds 
the following rule which can explain what Varähamihira had in mind:

“One should divide the difference between the corrected argument for the final 
sighra operation and the argument for the first station by the difference of the (planet’s) 
true velocity and the true velocity of the sighra; the result is the time, in days and their 
parts, of the first station.”

The idea underlying this ride can be summarized as follows. From 111,31 in 
the same text is known the anomaly «o al which the first station should occur (and, 
symmetrically to 180°, the second station). Let a be the true anomaly found by com
putation for a moment t not too far ahead of the time for which the station may be 
expected. Hence ao-a is the arc still to be travelled by the planet. Its velocity v on 
the epicycle is the difference between the velocity of the sighra s and the mean velocity 
of the planet. The quotient (ao-a)/p gives the time between t and the moment when 
the planet becomes stationary.

XVI,23. The following angular differences between Sun and planet are required 
for visibility:

Moon 12° Jupiter 11°
Mars 17 Venus 9
Mercury 13 Saturn 15.

fhe same numbers are found in the Paitämahasiddhänta of the Visnudharmottara
puräna (II 1,9) and, e.g., in the Laghubhäskariya (VII,1—2). In the latter text the de
grees are transformed into vinädikäs by multiplication with 10, a procedure which 
shows that we are dealing with equatorial degrees, i.e., with arcs of oblique ascensions.

Similar, but slightly different data are given in XVI1,58, excepting those for the 
Moon and Saturn that are unchanged.

XVI,24-25. These verses deal with the computation of the latitudes of the planets, 
but we do not understand how the given rules can lead to reasonable results. Latitudes 
should depend on three elements: the inclination of the planet’s orbit (i.e. inclination 
of deferent and epicycle with respect to the ecliptic), the location of the nodes, and 
the distance of the planet from the earth (i.e., essentially, on the anomaly a). The
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last element is taken care of by the rule in XVI,25 to multiply a preliminary result 
by R/h where h is the corrected sïghra hypotenuse, i.e. the distance of the planet 
from the observer corrected for both inequalities (in first approximation shown by 
OS in Fig. 60 p. 103).

The two first mentioned effects should somehow appear in the rules which 
seem to involve the two planetary inequalities but the details remain obscure. The 
pairs of coefficients

Saturn 9/8 9/8
Jupiter 9/8 3/4
Mars 3/4 3/4
Venus 9/8 3/4
Mercury 3/4 9/8

could perhaps suggest a tilting of the epicycles about two orthogonal diameters but 
the restriction to only two numerical values, 3/4 = 0;45 and 9/8 = 1 ;7,30, makes any 
coordination with the individual conditions still more difficult to understand.

Chapter XVII

XVI1,1-60. These sixty verses of the last chapter of the Paficasiddhäntikä form a 
unit, clearly distinct from the preceding chapters. We find here a theory of the plane
tary motions and of the planetary phases in a form which is directly related to Baby
lonian methods, in marked contrast to the geometric models in the classical Greek 
fashion as found, e.g., in chapter XVI.

In the present text the planets are discussed one by one in the order

Venus Jupiter Saturn Mars Mercury.

This arrangement is very unusual since it differs from the ordinary sequence in Indian 
astronomy (e.g. in XVII,65-80)

Mars Mercury Jupiter Venus Saturn

which is the sequence of the days of the week and thus ultimately based on the Hel
lenistic order

Saturn Jupiter Mars Venus Mercury.

It also differs from the Babylonian order

Jupiter Venus Mercury Saturn Mars.

Astrologically it groups together the benefic planets (Venus and Jupiter) and the male
fic (Saturn and Mars), leaving the neutral Mercury for last; but this may be a completely 
fortuitous circumstance.
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In order to avoid repetitions we shall not follow in our discussion the text verse 
by verse. First we will combine all data about the synodic periods from which the 
mean motions are derived. Then we will take up, planet by planet (from Saturn to 
Mercury), problems concerning the planetary phases, their distribution and natural 
order. Finally epoch constants and visibility conditions will be treated, again in 
separate sections.

1. Synodic Periods

As “synodic period’’ or “synodic time’’ one denotes the time interval between 
one heliacal rising of a planet and the next, or, in general, from one phase to the next 
of the same kind. If one wants to establish the date of a certain phase one must know 
the number of synodic periods elapsed since the given epoch. The following proce
dure is designed to furnish this information.

Let a be the given ahargana and (to a positive or negative correction of a which 
leads from the epoch date to the nearest phase — for which we use ordinarily the first 
visibility after conjunction (for an inner planet: after inferior conjunction) and which 
we denote by I\ We wish to know the number s of synodic periods of a given length 
p contained in

ct' = a + (to ( 1 )

days. In our text the obvious answer

7s = a/p (2)

is not reached directly but only as a result of modifications of approximate values 
p and s where

.s = a'Ip. (3)

If £ is a correction which changes the approximate period p to the accurate period p 
by

P + C = p (4)
one has

a' a s Í £\ a -
.s = = ----- = ---------- s 1 - - =----- . (5)

p p + C 1 + C/p \ p/ p

Table 23 shows the values taken from the text for uo, p, and £.
Let us assume that a certain phase (e.g. F) occurs at a point of longitude À. 

'fhe next occurrences will take place al about A + Z1Å, À + 2ZIÀ, etc., where Jz represents 
the “mean synodic arc”. As the planet traverses the ecliptic the phases will be more 
or less equidistantly spaced, but one sidereal rotation will not result in an occurrence 
of the phase in question at the starting point A. In general it will take Z rotations (or 
Z+n rotations for Venus and Mars) before an accurate return of the phases to the 
same longitudes takes place, i.e., only after II occurrences during Z (or Z + II) revo-
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Table 23.

ao P c P ch. XVII

h -ISOld 378 = 6,18d + 1/10 6,18; 6d 14-15
% - 34;34 399 = 6,39 - 1/9 6,38;53,20 6- 7
A —216;40 780 = 13, 0 — 0;2,41 12,59;57,19 21 -22
? - 147 584 = 9,44 -1/11 9,43;54,32. . . 1 - 2
$ + 28;20 927/8 - l,55;52,30 + 0; 0,15 1,55;52,45 36-37

hitions the phases will be periodically repeated. Since neither a planet nor the Sun 
move with constant angular velocity the “true synodic arcs” will more or less differ 
from the mean AX. Nevertheless 77 occurrences will result in a periodic repetition of 
all phases since the apsidal lines can be considered fixed for comparatively long inter
vals of time.

For an outer planet the sum of 77 and of the corresponding number Z of sidereal 
revolutions of the planet gives the length of the basic period expressed in years; for 
an inner planet the number of sidereal rotations itself represents the number of years. 
Specifically one has the following relations:

Saturn, .Jupiter
Mars
Venus
Mercury

17 occur. =

Z sid. rot. = (77 + Z) sid. years
(77 + Z) sid. rot. = (277+Z) sid. years 
(77+Z) sid. rot. = (77+Z) sid. years
Z sid. rot. = Z sid. years

(6)

The quotient p = n¡z G)
indicates the number of synodic intervals which correspond in the mean to one 
sidereal revolution of the planet. Consequently

360° Z
II (8)

gives the length of the mean synodic arc. In general P is, of course, not an integer. 
Furthermore: if one divides the number s of synodic intervals contained in the 

given ahargana a , found in (5), by the number P

(9)

then the result N tells us how many revolutions of the planetary phase under consi
deration (e.g., 71) took place during a days. Therefore the integer part of N can be 
ignored while the remainder gives the fraction of a revolution gained in longitude 
over the position at cio. Hence (9) allows us to determine the mean longitude of the 
planet at the given moment.



112 Nr. 1

Table 24.

Babyloi lian Pañcasiddhántika

77 Z ZÜ P = 77/Z ZÜ ch. XVII

1? 4,16 9 %12;39° 256/ 9 = 4,16/ 9 = 28;26,40 15
'll 6,31 36 %33; 9 391/36 = 6,31/36 = 10;51,40 7-8 Il

2,13 18 ^48;43 133/18 2,13/18 = 7;23,20 22-24
$ 12, 0 7,11 3,35 ;30 3,35 ;50° 1 ?
$ 11,24 3,37 ^1,54:13 684/217 = 11,24/3,37 = 3;9,7,32,... 37-38 5

The parameters (7) and (8) are al the foundation of Babylonian planetary 
theory. The close resemblance of the data recorded in XVI1,1-60 to Babylonian pro
cedures suggests a comparison with the above mentioned basic parameters. Table 24 
reveals exact numerical agreement for the outer planets and Mercury.1) For Venus 
one finds a minor deviation but this is not to be taken too seriously since our know
ledge of Babylonian data is particularly incomplete for this planet.

2. Patterns of Distribution for the Phases on the Ecliptic

If consecutive occurrences of a given phase were always spaced at a distance 
ZU from each other the 77 points on the ecliptic where our phase occurs would be also 
equidistantly arranged at a distance of

36()°/7/ = 360°/7JZ = 2Ü/Z.

In fact, however, the length of the synodic arcs is greater in some sections of the eclip
tic and therefore smaller in others, due to the anomaly of Sun and planet and other 
causes, such that the density of the 77 points at which a certain phase will be obser
ved depends on the region of the ecliptic.

To take care of this empirical fact Babylonian astronomy has invented several 
devices among which “System A” is of interest in the present context. The ecliptic 
is divided in a number of sections (from two to six are attested), generally of unequal 
length; within each of these sections the phases are equidistantly spaced, in some 
sections narrower, in others wider, than the mean distance zU/Z. It is exactly this 
idea which we find applied in the present chapter.

Saturn (XVII,16-19)
fhe ecliptic is divided into three sections

(1) length; ai = 45;51° containing 30 occurrences
(2) a2=177;34 127
(3) a3 = 136;35 99

Total 360 ;() 77 = 2 5 6
9 For the Babylonian parameters cf. ACT II p. 283. 
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We are not told, however, where these three arcs should be located on the 
ecliptic.

The lengths of these three sections aj, a2, <*3,  are only little different from the 
mean lengths öci, «2, ÖE3, which one obtains from the mean distance

360°/77 = 6,0o/4,16 = l;24,22,30°

by multiplication with the number of occurrences each arc contains. In this way one 
finds

äi = 42;11,15° = ai-3;39,45°
a2 = 178;35,37,30 = a2 + l ;l,37,30
ä3 = 139; 13,7,30 = a3 + 2;38,7,30.

This shows that the “true” distribution of the phases is only insignificantly different 
from the “mean” distribution and it is difficult to see why at all one should have 
introduced separate zones for such minute deviations.

Jupiter (XVII,9-11)
The ecliptic is divided into three sections

(1) length: ai = 159;30° containing 180 occurrences
(2) a2 = 180;0 195
(3) a3= 20;30 16
Total 360 ;0 77 = 391

The location of these sections on the ecliptic is not specified.
The length of the mean distance on the ecliptic between phases of the same 

kind is given by

36O777 = 6,076,31 ~ 0;55,14,34,40,49,. . .°

Multiplication of this arc by the above given number of events gives mean arcs which 
are hardly different from the given arcs:

äi = 165;43,44,. . .° = ai + 6;13,44,. . .°
ä2 = 179;32,22,. . . = a2 - 0;27,37,. . .
0.3 = 14;43,53,. . . = 0C3 —5;46,7,. . .

As in the case of Saturn the true density of the occurrences is only little different 
from the mean one.

Mars
For a sixfold division of the ecliptic cf. below p. 119.

Hist. Filos. Skr. Dan. Vid. Selsk. 6, no.l. 8
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Venus (XVII,1-2)
The uniformity in the motion of Venus makes it unnecessary lo introduce a 

sectioning of the ecliptic, a conclusion also known from Babylonian astronomy.
In XVII, 1 the mean synodic arc is given as

AÅ = 215;50°

(cf. Table 24), the mean synodic time as

At = 583;54,32>. . .d

(cf. Table 23), i.e. about 593 ;11,... tithis. The corresponding Babylonian para
meters arc zïl = 215;30° and Ax = 593;10T respectively. Exactly the Babylonian 
value AÅ = 215;30° is also attested in our present text (XVII,75; cf. Table 33, below 
p. 126).

For the subdivision of the synodic arc cf. below p. 120f.

Mercury (XVII,38—40)
For this planet we find 

vidual arcs are
here an eightfold division of the ecliptic. The indi-

ai = 8° a5 = 12°
a2 = 30 aß = 30
a3 = 60 a? = 97
OC4 = 100 a8 = 23,

correctly totalling 360°.
Associated with these segments are eight numbers as follows:

t?i = 7
712 = 30
713 = 81
714 = 88

715 = 14
716 = 33
717 = 104
718 = 31

One would expect these numbers to represent occurrences of a certain phase, presum
ably S, within each segment, the total being H. In fact, however, the total 388 = 6,28 
is not attested as a number 77 (and the corresponding Z = H¡P with P 3;9,7 would 
not be an integer) but as the number Z of years which contain 77 = 20,23 occurrences.1)

The fact that the numbers rii do not represent occurrences but their number 
divided by P may have to do with the determination of true and mean longitudes of 
the phases described in the next section. The text calls the numbers n¡ “days” which 
is in any case meaningless.

The mean distance between occurrences is given by 6,0°/77 (^ 0 ;17,39,. . . ). 
An arc of length a¡ should therefore contain in the mean //¡i = a¡77/6,0 occurrences. 
If the 7ii whose total is Z = II\P would correspond to a mean density their number

9 Cf. ACT II, p. 283.
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on a; should be m = a¡Z/6,0, hence mi/m = 11 [Z = P. In fact the quotients pi = m^ni 
are not constant. One finds

pi = 3;52,57,. . . />5 = 2;54,42,. . .
P2 = 3;23,50 p6 = 3 ;5,18,. . .
p3 = 2;30,59,. . . pi = 3 ;10,6,. . .
P4 = 3;51,40 ps = 2;31,13,. . .

But the variation from the mean value P 3;9,7 are not very great, a fact remini
scent of the experience with Saturn and Jupiter.

3. Mean and True Positions

For Venus no distinction seems to be made between mean and true positions 
(cf. above p. 114). For the other planets the number N of its “risings” is to be multi
plied by a certain number Z and the product divided by another number II. These 
numbers Z and II are the well known Babylonian parameters which determine the 
ratio P = Il[Z (cf. above p. Ill and Table 24) that counts the number of mean 
synodic arcs (and their fractions) which cover exactly 360° in longitude. Hence we 
can give the above rule the form: the number of risings should be divided by P.

It is not difficult to find the reason for this operation. Let N be the number of 
“risings” i.e. the number of occurrences of the phase F of a planet since a first F after 
epoch. Suppose N is an integer multiple of P. Then we know that N synodic arcs 
cover an integer multiple of 360°; hence the first and the last rising have the same 
longitude. Consequently it is only the remainder in the quotient N/P which is of 
interest and which tells us which fraction n < 1 of P synodic arcs goes beyond the 
longitude of the first rising. The corresponding gain in mean longitude will be nPAÅ.

The longitudinal progress will be greater than this amount in case the true sy
nodic arcs AÅ are greater than AÅ, smaller for zlÂ < Z1Â. This seems to be the meaning 
of the statements found in XVII,8, XVII,24, and XVII,41. That the correction is ap
plied to “days” instead of to longitudes is a common mistake in this chapter (cf. p. 126 
and p. 128). The transformation to corresponding time intervals would not be diffi
cult since the mean synodic times are known (p in Table 23 p. 111). The information 
concerning the true synodic arcs would have to come from the schemes for the di
stribution of the occurrences of the phases in different sections of the ecliptic (cf. 
above p. 112).

So far the principle of the procedure seems clear. There are, however, addi
tional steps mentioned in the text which we cannot properly explain.

Saturn (XVII,15-17) and Jupiter (XVII,7,9-10)
For both planets additive constants, +89 (in XVII,15) and +18 (in XVII,7) 

respectively, are mentioned which seem to be epoch constants. Their discussion is 
therefore postponed to a later section (p. 123-125).

8*
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Other positive and negative corrections are related to the remainders n (called
“padas”) of the quotients N/P. These corrections are

for Saturn in (1) 30 padas +2416' = +40;16°
(XVII,16-17) (2) 127 -2519' = - 41 ;59°

(3) 99 +2037' = +33;57°
total : 77 = 256

and similarly
for Jupiter in (1) 180 padas - 1456' = -24;16°
(XVII,9-10) (2) 195 + 1265' = +21;5°

(3) 16 -1391' = -24;46°
total: 17 = 391.

If one takes the number of padas in which positive corrections are prescribed and
compares it with the number of padas of opposite sign one finds

for Saturn: 129 positive, 127 negative
for Jupiter: 195 positive, 196 negative.

In the case of Jupiter 195 and 196 are the integers nearest to 4-77.
In the case of Saturn one has y77±l instead of simply ÿ77 = 128.

The reason for this arrangement we do not know. On the values of the corrections 
it seems without influence.

The above given corrections are not final, either for Saturn or for Jupiter. For 
Saturn XVII, 17 prescribes “a subtraction or addition” of 12; 12° which perhaps should 
be applied as follows:

in (1) +40;16°-12;12° = +28;4°
(2) -41;59 + 12;12 =-29;47
(3) + 33;57 -12;12 = +21;45.

Finally all numbers (i.e. 28 ;4 etc.) should be multiplied by a factor 31/32 = 0;58,7,30.
For Jupiter no further corrections are prescribed save a reduction (in XVII, 10) 

of all numbers by 5/8 = 0;37,40. We have no explanation to offer for any of these 
numbers. Also the concluding remark that Jupiter ‘‘rises in the east (£”) in so many 
minutes (of arc)” makes no sense to us.

Mercury (XVII,36-37)
Between the operations which fit the pattern of Table 23 and 24 we find in 

XVII,36 a subtraction of 1/8 of a day and a division of the number of risings by 4. 
We cannot explain these steps which seem in excess of the normal procedure.

4. Subdivision of the Synodic Arc

We denote the planetary phases by Greek letters. For an outer planet we have 
the following sequence:
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F heliacal rising 
ø first station 
0 opposition 
llJ second station
Q acronychal setting.

From Q to F the planet is invisible. The longitudinal progress from one r to the next 
is the “synodic arc’’, the time elapsed during this motion is the “synodic time”. In 
principle the same applies to the motion from P to Q or to any other phase but the 
corresponding intervals need not to be the same for all phases. Only for the mean 
synodic arc AÅ could any pair of Greek letters be used.

For an inner planet we define 

F morning rising
0 first station
P morning setting

S evening rising
P second station
Q evening setting

F morning rising

morning star

invisible at superior conjunction

evening star

invisible at inferior conjunction

In the preceding sections we collected the information concerning (a) the mean 
values obtainable from the periodicity of the phases and (b) the variations in density 
of a given phase (P) on the ecliptic within the total of Ft occurrences. In both cases 
one is dealing only with one specific phase, independent of its relation to the other 
phases. What remains are data which describe the sequence of all phases within one 
synodic arc (e.g. from r to P), both with respect to motion in longitude and to time 
intervals. Since no mention is made of differences in length of the synodic arcs depend
ing on different sections of the ecliptic the total of intervals between consecutive phases 
should be the mean value of the synodic arc and the synodic time. Such a pattern 
will be fairly close to the actually observable intervals and discrepancies can be ab
sorbed by the stretch of invisibility from Q to P. Consequently such a scheme is not 
meant to be extended beyond one synodic period, or rather it begins with P and 
ends at I).

Larger intervals between consecutive phases (e.g., between P and 0) are some
times subdivided into shorter sections. We denote the dividing points—-which do not 
correspond to real planetary phases—by Greek letters with accents.

The striking parallelism with Babylonian data established in the preceding 
sections extends also into the present problems. Without going into greater detail we 
shall therefore add to the Indian analysis of the sequence of the planetary phases 
also a description of similar schemes found in Babylonian sources. That such a
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comparison is at all fruitful in spite of the only fragmentary character of our know
ledge of Babylonian astronomy demonstrates how intimate the relation of early Indian 
astronomy and its Babylonian predecessor must have been.

Saturn (XVII,19-20)
Table 25 shows the given data. For the Babylonian theory we have only a pat

tern with two velocity zones1) which divide the direct motion in a different fashion. 
Hence we have here no means for a closer comparison.

Table 25.

Saturn ch. XV 11,19-20 Babylonian

r -+r....... 16d 1 ;20°
r><i>....... 56 3 ;52

....... 55 -3 52;30d 1
ø^p..... 60 -4 60 1 -8° or — 6;40

..... 112 8
....... 36 3

r ....... 335d 9;12°’

Since XVII,14-15 give for the mean synodic lime p 378d (cf. Table 23 p. Ill) 
one may estimate the time of invisibility Í2-*/ 1 as about 43d with about 3;30° of direct 
motion since the mean synodic arc should be about 12;40° (cf. Table 24 p. 112).

Jupiter (XVII,12-13)
For this planet one linds (cf. Table 26) good agreement with the previously 

determined parameters (cf. Table 23 p. Ill): p = 398;53,20d ™ 399d and zlZ = 
33;9° 34° (cf. Table 24). A corresponding Babylonian pattern is also shown in
Table 26.

Table 26.

Jupiter ch. XVII,12-13 Babylonian

r -+r..... 60d 12° r-> r 30d 7; 2°
r'^r"..... 40 4 r
r"->&....... 24 2 90 11 ;15

-+ø....... 56 - 6 <p
0 ..... 60 -6 120 — 9;23

..... 80 12 90 10;47
Q' -+Í2....... 50 9 30 7; 2
Q ....... 29 7 [Q->r\ [30] 7; 2

r....... 399d 34° r^r 390d 33;45°

b Cf. ACT II p. 315.
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Mars (XVII,25-35)
These eleven verses are meant to give a description of the subdivision of the 

synodic arc of Mars into five sections (gatis), thrown into confusion by the insertion 
of a detailed description of the retrograde motion.

Al the beginning (XVI 1,25-26) we have the following arcs between the conse
cutive phases (C denoting the conjunction with the Sun):

(I) 186
(II) 0_>0 -18
(III) 180
(IV) Q-+C 30
(V) c->r 30

Total: F^F 408° = 48° (mod. 360°).

A final synodic motion of 48° agrees well with the data found in XVII,22 (cf. Table 
24). The text obviously considers as point of separation between gatis (II) and (III) 
the opposition 0 by describing it as “half of its course since conjunction’’ (XVII,25). 
This, however, must be a mistake since 18° can only be the total arc of retrogradation. 
Furthermore, by adding (V), (I), and (II) one finds 198° instead of 204° whereas 

= -9° would lead to C->0 = 207°.
The intrusion which concerns retrogradation consists of the verses XVI 1,29—33. 

Since this material is divided into three sections Varâhamihira (or his source) took 
this as representing 3 gatis; since XVII,27 and 28 deal with the gatis (I) F-><P and 
(II) <Z> -+0 he counted XVII,34 as the 6th gati, concerning the “fast gati’’ after 
retrogradation, while XVII,35 for Q ->C and C ^F become gatis “7” and “8“.

Excluding the foreign material XVII,29-33 we obtain the following pattern for 
the time intervals:

267;30d 
ø between

Ï2 between 
_Q->C between 
C^F between

XVI 1,27: (I)
XVII,28: (II)
XVII,34: (HI)
XVII,35: (IV)

(V)

51d and 72d 
296d and 314d
60d and 72d
60d and 72d.

The total which may vary between 735d and 798d (mean value 767d) agrees reason
ably well with the mean synodic time of about 780d. Table 27 shows the distribution 
of the intervals within the zodiacal signs. The pairing Pisces and Aries, Taurus and 
Gemini, etc., is a characteristic feature of the Babylonian theory of Mars1) and as
sures us of a Babylonian archetype of the present material.

We now turn to the verses XVI 1,29-33 which concern the retrogradations of 
Mars, again arranged for pairs of zodiacal signs. In order to bring some sense in these 
data we have to assume another mistake. For each pair of signs we find three arcs

J) Cf. ACT II p. 302-306.
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Table 27.

Mars )( V ® P m x* 5 XVII

I . . . 267 30d 27

II . . . 57d 71d 72d 66d 61d 51d 28
Ill . . . 301 305 308 311 314 311 309 306 302 299 296 34
IV . . . 62 69 72 69 63 60 35
V . . . 62 69 72 69 63 60

Total . 750 754 785 788 798 795 781 778 757 754 735

and three corresponding time intervals. We assume that the first two concern 0-^0 
and 0->0 respectively (cf. Table 28) whereas the third belongs to an independent 
scheme for 0->0 (cf. Table 29), erroneously combined with the first two. This latter 
scheme not only forms a typical linear zigzag function for arcs as well as for days 
but the arcs agree exactly with the Babylonian “Scheme R” for the retrogradations 
of Mars.1) The data shown in Table 28 show the same pattern for the arcs ø-^Øi 
The time intervals, however, look rather garbled and we do not dare to offer any 
emendations.

What XVII,33 is intended to express escapes us, except for the final statement 
which seems to indicate that the second part of the retrograde arc, i.e., 0->0, should 
be 4/3 of the first part (0->0). In the Babylonian theory the corresponding factor is 3/2.

Venus (XVII,3-5)
The only clear section concerns the direct motion of Venus as evening star from 

£ to y7 with slowly decreasing velocity as one approaches the stationary point:

Table 28.

Mars )(, Y and HI, Z ft, If and TIP, =0= P
0^0........... - 6° 32d - 6° 42d - 7° 40d 7° 44d
0^0........... - 9° 39d -10° 42d -10° 40d -11° 40d

0->0........... -15° 71d -16° 84d -17° 80d -18° 84d

Table 29.

Mars
0->0 'S, XX )(, Y and tff, X* K and TTP, =0=

XV11,29-32 -15° 57d -16° 60d -17° 63d -18° 66d

Babyl. “R” -15° - 16° -17° -18°

9 Cf. ACT II p. 305 f. and Fig. 58 a.
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E 60d 74°
60 73
60 72
27;30 20

3 1 ;

giving a total of 210;30d and 240;15° in direct motion.
The retrograde motion near inferior conjunction is divided as follows:

V7 15d - 2°
5 -2(?)

o->/’ 10 -4(?)
r->& 20 -4

i.e. lasting 50d, perhaps with a total of 12° in retrograde motion.
One might assume that the direct motion as morning star (i.e. 0~>2) is of the 

same amount as the direct motion as evening star (i.e. S^’/7). This would result in 
a total

S->2 47 ld 468;30°.

According to Table 23 p. Ill the synodic period amounts to about 584d with a lon
gitudinal motion of 575;50° (cf. Table 24 p. 112). This would give for the period of 
invisibility at superior conjunction

[2^5] 113d 107°.

This relation cannot be correct, however, since during this period the planet must 
move with more than solar velocity (cf. also the above given pattern for S-*̂ 7). This 
seems also to be expressed in the last sentence of XVII,5:

2-H 60d 75°

which is exactly what one should expect. Consequently this would lead to

[0^2] 264;30d 272;15°

or 54d and 32° more than for S^ÿ7, a rather implausible conclusion.1) At any event 
the description of the motion of Venus as given in our text seems incomplete.

Mercury (XVII,42-56)
We have here a group of verses which deal with four separate cases in a per

fectly parallel fashion (cf. Table 30 and Figs. 67 and 68). In each case we are given 
for the single zodiacal signs from Aries to Pisces an amount T of days and an amount

0 We have an early Babylonian text (5th century B.C.) which assumes for a motion of about 
248° in 227T in good agreement with 3-^-y in the present text; cf. Neugebauer-Sachs [1967] p. 197 (cf. 
below p. 128).
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Pable 30.

5
S->ß Totals

$
T B T - B T B T B T B

Y 36d 35° 25d 22° 29d 21° 29d 54° 119d 88° Y
tí 45 44 23 17 23 23 49 69 140 119 tí

45 48 20 14 26 27 47 75 138 136 K
42 43 18 9 30 31 46 71 136 136

P 34 34 16 9 32 32 45 70 127 127 P
tip 26 27 18 9 33 35 43 70 120 123 np

_n_ 21 18 20 12 35 36 40 70 116 112 —A—

m 16 14 25 18 44 43 38 64 123 103 m
z 16 15 26 21 42 43 32 62 120 99 X*

$ 20 19 27 28 38 39 32 58 117 88 3
23 22 26 25 35 33 35 60 119 90

)( 24 24 25 24 29 24 27 49 105 73 )(

B of degrees (which we call “pushes” in time and longitude respectively), leading
from one phase to the next:

I : £?
II:

III: Y->Y
IV:

The whole pattern has close relations to the Babylonian theory of Mercury1) 
which operates with similar “pushes”, although in the texts known to us only for the

Table 31.

2
ß

?
T B T B

Y 36d 36° 14d 12° Y
tí 42 42 16 14 tí
I 48 46 19 18 I

44 42 24 22

P 38 36 27 26 P
tip 22 22 30 30 tip

_A_ 15 14 36 34
m 15 14 46 44 m
z 16 16 46 44 X*
3 22 20 44 42
XX 24 22 34 34
)( 24 22 24 24 )(

) Cf. ACT II p. 293-295.
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Fig. 67.

visible sections of the orbit, i.e., for S->£? (here case I) and (case III) as shown 
in Table 31 and Fig. 67. The numerical agreement is not perfect but the parallelism 
in the general trend and in the method itself is obvious.

We cannot connect any rational procedure with the verses XVII,54-56.

5. Epoch Values

In Table 23 (p. Ill) we have a list of numbers ao, representing days, which 
are elapsed between the epoch date and the nearby date of a specific planetary phase, 
i.e. heliacal rising (P) for the outer planets, first appearance as evening star (S) for 
Venus and Mercury.

Assuming A.D. 505 March 22 as the date of the epoch (cf. pt. I, p. 8) a dale ao 
days later (algebraically) should give us the date of the phase. Modern tables provide 
us with the corresponding elongations from the Sun. As Table 32 shows these elon-
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50J-

20-

10-

0 * ' ~t------- f- ---- f— ■■■■■ 4------- ♦ i I I I I 1------- 1 -f----
K T ö Ä 9 <5i

Fig. 68.

gations agree reasonably well with the visibility limits zla given in XVI 1,58-60 (ef. 
below, p. 125). The only exception is Venus where cio leads only to the conjunction 
with the Sun. In XVII,2, however, we are given Virgo 26° as longitude of S. This is 
indeed in agreement with the expected elongation since Venus reaches this position 
in A.D. 505 Sept. 10 when the Sun is about at Virgo 19°.

For Mercury we have no epoch constant giving us directly a longitude. For the 
outer planets we have in XVII,7 an additive constant of 18 (degrees) for Jupiter. 
Interpreting this as the planet’s longitude at its first F after epoch we would have exact 
agreement with the position found for the date derived from XVII,6 (cf. Table 32). 
Consequently one should also interpret the corresponding constants for Saturn (in 
XVII,15) and for Mars (in XVII,23) as longitudes of the respective phases. For Mars 
this would mean a longitude of 175° (instead of 194° derived on the basis of ao in 
Table 32). This longitude would correspond to Sept. 27 and a solar position at 186°, 
hence to an elongation of 11°. For Saturn, however, no such agreement seems ob
tainable for the given numbers.
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Table 32.

XVII -a0
505 March 22

~ ao
Planet

Â
Sun
4

zU =
4-â

zla
(XV11,58 -60)

14 Saturn +150;20d 505 Aug. 19 135° 148° 13° r 15°
6 Jupiter + 34;34 Apr. 26 18 38 2o r 15

21 Mars + 216;40 Oct. 25 194 214 20 r 14
1 Venus + 147 Aug. 16 145 145 0 (-)8

36 Mercury - 28;20 Febr. 22 350 336 - 14 S (-)12

6. First Visibility (XVII,57-60)

Of these four verses the second one (XVII,58) presents the most essential data, 
i.e. elongations from the Sun for each planet (and the Moon) required for visibility:

Saturn : 15° in XVI,23: < rO15
J upiter : 15 11
Mars : 14 17
Venus : 8 9
Mercury : 12 13
Moon : 12 12.

Arranged according to permissible approach to the Sun, i.e. brightness, we would 
have here the order: Venus, Moon = Mercury, Mars, Saturn = Jupiter. In XVI,23 
the arrangement would be: Venus, Jupiter, Moon, Mercury, Saturn, Mars.

In XVII,60 we are told that the arcs in question should be subtracted from the 
longitude of the Sun in the case of the planets but added for the Moon. This shows that 
the planets are assumed to be near the eastern horizon, i.e. the phase in question is 
always r, i.e. heliacal rising for the outer planets, first appearance as morning star 
for the inner planets. In the preceding sections it was always 3, i.e. first appearance 
as evening star, which played the leading role for Venus and Mercury.

The remaining verses, XVII,59 and XVII,57, seem to concern corrections to 
(1) depending on variable positions of the ecliptic with respect to the horizon. In 
XVII,59 it is said that the values in (1) should be multiplied by a corrective factor 

30°
c = ----  where q seems to mean the rising time of the zodiacal sign in question.

Q
If the ecliptic rises to the south of the eastpoint it is steeper to the horizon than the 
equator, hence q > 30° and c < 1. Similarly c > 1 when the ecliptic rises to the north 
of the east-point. This implies that the values in (1) refer to arcs on the equator, as 
one would indeed expect in Indian astronomy (cf. also XVI,23). That c < 1 to the 
south of the east-point, c > 1 to the north is reasonable since the visibility of a planet 
depends essentially on the vertical distance of the Sun below the horizon (the so- 
called arcus visionis).

We meet again references to south and north (presumably from the east-point) 
in XVII,57, south having a subtractive, north an additive effect. If this correction would 
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again apply to the values in (1) one would have here only another method for solving 
the same problem as in XVI 1,59. But all details escape us.

The number 480 could be 10 Sine with 24° and R = 120, modified by an 
unexplained factor 10. The term “latitude” could also mean declination but we see 
no reason for computing Sin<5/10 Sine.

XVII,64-80. In conclusion Varähamihira has recorded a set of parameters, appa
rently from the Paulisasiddhänta, concerning the mean synodic arcs of the planets 
and their subdivision by the planetary phases. The formulation in the text is marred 
by a misunderstanding. Varähamihira calls ahargana what is actually the planet’s 
longitude (at a given date) and consequently takes the results obtained as “days” 
instead of degrees. The error originated probably in XVI 1,65 where degrees of solar 
motion and days are considered to be equivalent. Another consequence of this mis
understanding is probably the repeated division by the quantity which we here call b 
(e.g. 6 = 4 in XVII,66). We disregard these mistakes from now on in our commentary.

In order to avoid repetitions we regroup the different verses for our summary 
according to parallel subject matters. Since we are dealing again with methods which 
are closely related to ultimately Babylonian procedures we also give the relevant 
data from the cuneiform sources.

We begin with a group of rules asking for the computation of expressions of the 
form

(Â — Âo) b Å — Âo
(1) 

a AÅ

with given parameters Âo,1) a, and b, listed in our Table 33 (which also should be 
compared with Table 24 (p. 112). That

b/a = Zl2 (2)

represents the mean synodic arc of the planet in question is evident from the numerical 
values. It is also clear that 2o represents degrees and minutes of arc; consequently

9 In XVII,75 the term A-Âo is described as a subtraction from “the ahargana” instead of from “the 
longitude of the planet.’’ The parallelism of the corresponding sentences in XVII,66, 69, 72, and 78 leaves 
no doubt that the same mistake has to be assumed in all cases.

Table 33.

ch.
XVII Zu a b zJÂ = a/b /1A Babylonian

ACT
P-

1? 78 16518'= 275;18° 1118 = 18,38 3 6,12 ;40° (6,0+)12;39,22,30 313
u 72 1652'= 27;32 2752 = 45,52 7 6,33; 8,34,... (6,0 + )33; 8,44,18,... 307
(J 66 6329'= 105;29 3075 = 51,15 4 12,48;45 (6,0+)6,48;43,18,29,. 302

? 75 11122'= 185;22 1151 = 19,11 2 9,35 ;30 9,35 ;30 283
£ 69 1681'= 28; 1 3312 = 52,12 29 1,54;12,24, .. 1,54;12,. . . 283
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A — Ao must be a longitudinal arc, reckoned from some initial position Ao. If the division 
by JA results in an integer we know that the arc in question begins and ends with the 
same planetary phase (operating here with the mean distribution). If, however, (1) 
produces a fractional remainder then we know from it how far the planet is removed 
from the phase at the beginning of the synodic arc. As beginning may serve, of course, 
not only a phase like r but also, e.g., a (mean) conjunction with the Sun. We do not 
know, however, how the initial positions Ao were chosen. All planets, excepting Saturn, 
reach the longitude Ao during A.I). 505 but only Venus would then be near a charac
teristic phase (S, about September 17; cf. also above p. 124).

The subdivision of the synodic arcs follows a common pattern as seen in our 
Table 34. Three steps lead from the conjunction (C) over heliacal rising (/’) to the 
first station (0), then follows the retrograde arc (from ø to 0) and finally again three 
steps from 0 to setting (£?) back to C. For these steps the motion of the Sun (in de
grees or “days”) is given and the corresponding increase of elongation of the planet. 
The total of these steps must be JA for the Sun and 360° for the elongations. Both 
conditions are very well satisfied for all three superior planets.

During the planet’s direct motion the Sun moves faster than the elongation in
creases. For the retrograde arcs, however, the elongation exceeds the solar progress 
and the difference represents the length of the retrograde arc. Thus we find the fol
lowing retrogradations

Saturn: 113°-120°=- 7° ACT p. 315 : -6;40°and -8°
.Jupiter: 109 -120 = -11 p. 312f. : - 8 to -10;12
Mars: 72 - 90 = - 18 p. 305f. : —15 to — 18;45

in good agreement with the Babylonian data. One should note that the midpoint of 
the retrograde arc leads in all cases to an elongation of exactly 180° which shows

Table 34.

Saturn
ch. XVII,78-80

Jupiter
ch. XVI 1,73-74

Mars
ch. XVII,67-68

solar motion elongation solar motion elongation solar motion elongation

C->T 18° 16;30° 16° 12° 36° 15°
r 98 90;30 54 44 188 60

0 14 130 13 120 70 140 64 120 108 332 60 135

113 120 109 120 72 90

98 91 88 76 68 50
ß 13 12 ;30 40 32 240 70

ß^C 19 130 16;30 120 16 144 12 120 56 364 15 135

Totals 373 = 6,13° 360° 393 = 6,33° 360° 768 = 12,48° 360°
/U = 6,12;40 .17. = 6,33 ;8,.. zU = 12,48;45
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Table 35.

ch. XVII
76 - 77

Venus

solar motion elongation

c ->r 5°
15 20°

9°
21 -30

0 208 15
2? 12 5

2?-> S 48 268 10 + 30

Totals 288° = 4,48° 0°
ZU = 9,35 ;30°

that the opposition 0 is here assumed to divide the retrograde arc symmetrically 
— in contrast to the known Babylonian schemes for Mars (cf. above p. 120).

For Venus we have a slightly different pattern. The regularity of the motion of 
this planet makes it possible to consider only the motion from the inferior conjunction 
(C) to the superior conjunction (S), assuming that the other half of the motion, from 
S to C, is symmetric to the first half. Thus one obtains Table 35 which would give 
a total synodic are of 2-4,48° = 9,36° in excellent agreement with the required Z1Â = 
6,0° + 3,35 ;30°.

For Mercury one finds Table 36, again with a correct total for the synodic motion. 
In the text the degrees of solar motion are schematically replaced by “days”.

We do not possess for the inner planets similar Babylonian patterns for the sub
division of the synodic arcs but this is undoubtedly caused by the accidents of pre
servation.

Table 36.

ch. XVII
70-71

Mercury

solar motion elongation

c ->r 10°
14 24°

12°
5 - 17°

0^2? 18 14
2?->S 30 6

0 18 66 14 34

0-^ß 16 8
_Q^C 8 24 9 - 17

Totals 114° = 1,54° 0°
JÂ = 1,54 ;12,. . .
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2. Short Terminological Glossary
For a complete index see Part I p». 187 IT.

ahargana number of days since epoch ksepa epoch constant
ärdharätrika system “midnight-system”. mahäyuga interval of 20,0,0,0 years

for the characteristic para
meters cf. I, 14 Table 1

muhurta lime interval of 1 /30 day,
i.e., 48 minutes

(p. 12). nädi time interval of 1/60 day,
Avanti see Ujjayini i.e., 24 minutes
ayana semicircle of the ecliptic, 

usually bounded by the sol
stices

naksatra “equal naksatra”: arc of 
13;20° of longitude, i.e., 
360°/27 (cf. Part I p. 187)

bähu one side of a right triangle: rähu the ascending lunar node
b = ccosa Sak a Saka-era: year 1 beginning

bhuja same as bähu in A.D. 78
Caitra name of a month (cf. Part I 

p. 187)
suklapaksa first half of the synodic 

month (cf. Ill, 18)
gati arc between consecutive tithi 1 /30 of one synodic month

Greek-letter phenomena (i.e 
phases) of a planet

Ujjayini also called Avanti ; locality 
at 75;50° east of Greenwich,

gola semicircle of the ecliptic, <p = 23;11°
bounded by the equinoxes vinä di time interval of 1/60 nädi,

kaksä geocentric distance of a thus 0 ;0,l day = 24 seconds
point on the orbit of a pla Yavanapura Alexandria in Egypt
net, etc. yojana unit of length such that 3200

karana 1/2 tithi (cf. Ill, 19) yojanas = terrestrial equa
koti one side of a right triangle: tor

a = c sin a yuga number of years, being a
krsnapaksa second half of the synodic 

month, following opposition 
(cf. Ill, 18)

common period of several 
phenomena

Hist.Filos.Skr.Dan.Vid. Selsk. 6, no. 1. 9
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3. Notation
It is, of course, impossible to associate letters and concepts in a strictly unique fa

shion. We nevertheless tried to adhere, within reasonable limits, to a consistent notation.

Trigonometry
R... radius of the basic circle and of the 

celestial sphere, usually R = 120, if 
not stated otherwise

Sin a = R sin a, Cosa = R cosa
a 

Versa = R - Cosa Crda = 2Sin-
2 

Gnomon
g... length of vertical gnomon, usually 

9 = 12
s... length of shadow of g, so-.-equi

noctial noon shadow
hs = l/s2 + g2 ...“hypotenuse” to ,s

Spherical Astronomy
A... longitude, usually sidereal, but also 

tropical, depending on context
ß... latitude
m... “ mediatio” (or “polar longitude”),
b... polar latitude
X. .. right ascension, ô.. . declination
£. . . obliquity of ecliptic
z.. . zenith, V... nonagesimal
z... zenith distance h... altitude,

h = 90 - 7î
ep. . . terrestrial (= geographical) latitude, 

çj = 90 - (p. .. colatitude
y. .. ortive amplitude (also for setting 

amplitude)
co. . . ascensional difference
e... “earth Sine” r... “day radius” 

in sphere of radius R (cf. Fig. 13 
p. 41)

Sun, Moon, Eclipses; Planets
Subscripts:

s... concerning the Sun, m... Moon, 
u... shadow e.g. ru... apparent ra

dius of the shadow at the Moon’s 
distance

a... ahargana, i.e. days elapsed since 
epoch

1.. . mean longitude, ZlÂ... mean sy
nodic arc

0 = A — A... equation of center
v. .. velocity (usually in degrees per 

day)
Ac. • • longitude of the Moon’s ascending 

node
1.. . inclination of the lunar orbit with

respect to the ecliptic
ß... lunar latitude
po-.. horizontal parallax, p... total 

parallax
Ph Pß-• ■ components of parallax (also 

lunar - solar)

Units of Time and Distance
Letters in raised position :
d. .. days T... tithis
n... nädis vin... vinädis p... mii- 

hürtas
y. .. years, sidereal or tropical, depen

ding on context
m... months, usually mean synodic 

months
z. .. zodiacal signs, 30° each
na...naksatras 13;20° each

Linear Zigzag Functions
Tn... minimum M... maximum
d... constant difference (absolute value)
A =M — m... amplitude, 
p = 1/2 (777+ M)... mean value
P = 2d¡d... period P = IP/Z
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4. Index of Parameters
Decimal

131

Lexicographically arranged; the integers from 1 to 59 are only listed in the sexa
gesimal index. For references see under the sexagesimal equivalent.

100 = 1,40
104 = 1,44
1 040 953 = 4,49,9,13
I 045 095 = 4,50,18,15
1050 = 17,30
10 766 066 = 49,50,34,26
110 = 1,50
II 122 = 3,5,22
114 = 1,54
1 200 = 20,0
122 = 2,2
123 = 2,3
127 = 2,7
128 = 2,8
132 = 2,12
136 = 2,16
143 = 2,23
144 = 2,24
1461 = 24,21
146 564 = 40,42,44
148 = 2,28
150 = 2,30
1 577 917 800 = 2,1,45,10,30,0
1 593 336 = 7,22,35,36
159 = 2,39
160 = 2,40
1 603 000 080 = 2,3,41,17,48,0
16 041 = 4,27,21
163 111 = 45,18,31
16 518 = 4,35,18
1652 = 27,32
16 547 = 4,35,47
1681 = 28,1
177 = 2,57
17 937 000 = 1,23,2,30,0
180 = 3,0
1830 = 30,30

18 345 822 = 1,24,56,3,42
186 = 3,6
1936 = 32,16
195 = 3,15
1984 = 33,4

210 = 3,30
215 = 3,35
21 600 = 6,0,0
220 = 3,40
2227 = 37,7
223 = 3,43
2247 = 37,27
225 = 3,45
2 260 356 = 10,27,52,36
228 = 3,48
2 296 824 = 10,38,0,24
232 226 = 1,4,30,26
234 = 3,54
235 = 3,55
240 = 4,0
24 589 506 = 1,53,50,25,6
248 = 4,8
2520 = 42,0
254 = 4,14
260 = 4,20
267 = 4,27
2700 = 45,0
279 = 4,39
2850 = 47,30
286 = 4,46
288 = 4,48
2 908 789 = 13,27,59,49
292 207 = 1,21,10,7
297 = 4,57 

3031 = 50,31
3120 = 52,0

9*
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3200 = 53,20
335 = 5,35
3438 = 57,18
364 220 = 1,41,10,20
365 = 6,5
373 = 6,13
378 = 6,18
38 100 = 10,35,0
38 640 = 10,44,0
390 = 6,30
393 = 6,33
399 = 6,39

408 = 6,48
428 = 7,8
4 320 000 = 20,0,0,0
433 232 = 2,0,20,32
43 831 = 12,10,31
442 = 7,22
488 219 = 2,15,36,59

514 = 8,34
517 080 = 2,23,38,0
53 433 336 = 4,7,22,35,36
5347 = 1,29,7
54 787 = 15,13,7
56 266 = 15,37,46
57 753 336 = 4,27,22,35,36
583 = 9,43
584 = 9,44

60 = 1,0
609 = 10,9

6 313 219 = 29,13,40,19
6329 = 1,45,29
66 389 = 18,26,29
670 217 = 3,6,10,17
68 550 = 19,2,30
687 = 11,27
692 = 11,32
698 = 11,38

70 = 1,10
702 = 11,42
7 022 388 = 32,30,39,48
703 = 11,43
72 = 1,12
75 = 1,15
768 = 12,48
780 = 13,0

80 = 1,20
800 = 13,20
81 = 1,21
879 = 14,39
8797 = 2,26,37
88 = 1,28

900 = 15,0
900 000 = 4,10,0,0
927 see l,55;52,30
97 = 1,37
9761 = 2,42,41
99 = 1,39
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Sexagesimal
Lexicographically arranged, initial zeros being ignored. References are to chapter 

and verse in the commentary. The topics mentioned are not intended to give more 
than the general area to which a parameter belongs.

l,o
1,0
1,0 
l;0,59,0,59
1,1
1,2
1,4,24
1,4,28;11
1,4,30,26

Venus, node XVI, 12-14 (Table 22)
Mercury, ecliptic arc XVII,38—40
Saturn, manda epicycle XVI, 12—14 (Table 22) 
tithi XII,1 (p. 81 (2b))
tithi XII,1 (p. 80 (1))
months in 5 years XI 1,1
lunar diameter IX,15-16 (p. 72 (3))
solar diameter IX,15-16 (p. 72 (3))
lunar nodes, number of rotations in Mahäyuga 1,14 (Table 1) 
XVI, 1-9

l,4,30,26;3
1,5
1,6;40
1,9;7,1
1,10
l,10;26,23
1.12
1.12.12.19.12
1,15
1,15:12
1,15; 35
1,20
1,20

lunar nodes IX,5 (p. 68 (3))
Sun, ksepa VIII,1 (p. 59 (1)) VIII,5 (p. 61 (3)) 
distance of Moon IX,15-16 (p. 73 (9)) 
moon, longitude at epoch 11,2-6 (p. 17 (9)) 
Mars, manda epicycle XVI,12—14 (Table 22) 
lunar anomaly, ksepa XVI, 1—9 (Table 21) 
Jupiter, sighra epicycle XVI, 12-14 (Table 22) 
Jupiter XVI,1-9 (Table 14) 
solar apogee (Gemini 15) VI11,2-3 
semidiameter of Sun X,l-2 (p. 77 (4b)) 
Mars, ksepa XVI,1-9 (Table 17, Table 20) 
Jupiter, node XVI, 12-14 (Table 22) 
solar apogee (Gemini 20) 111,2-3 IX,7-8 (p. 69 (2)) XVI,12-14 
(Table 22)

1.20
1.21
1,21,10,7
1,23,2,30,0

Venus, apogee XVI,12-14 (Table 22)
Mercury XVII,38-40
solar mean longitude IX,1 (p. 65 (2))
Mercury, sighra, number of rotations in Mahäyuga 1,14 (Table 1) 
XVI, 1-9 (Table 15 and 17)

l;24,22,30
1,24,56,3,42
1,27;58,12
1,28
1,29,7

Saturn, density of occurrences XVII, 16-19 
lunar nodes IX,5 (p. 68 (2))
Mercury, sighra XVI,1-9 (Table 14)
Mercury XVII,38-40
solar distance IX,15-16 (p. 72 (1))
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1,30
1,37
1.39
1.40
1,40
1,41,10,20

R XIV, 1-4
Mercury, ecliptic arc XVI 1,38-40
Saturn, occurrences XVI1,16-17
Mercury, ecliptic arc XVII,38-40
Saturn, node XVI,12-14 (Table 22)
Jupiter, rotations in Mahäyuga 1,14 (Table 1) XVI,1—9 (Table 15 
and 17)

1,44
1,45;29
1,50
1,50
1,53,14;44,56
1,53,50,25,6
1,54
1,54;12,24
1,54;13
1,55;52,45

Mercury XVII,38-40
Mars, ksepa XVII,1-60 (Table 33)
Mars, apogee XVI,12—14 (Table 22)
Moon, anomaly VIII,5 (p. 60 (2)) 
lunar nodes IX,5 (p. 68 (2)) 
lunar mean longitude IX,2 (p. 65 (2))
Mercury, mean synodic arc XVI1,1—60 (Table 36)
Mercury, mean synodic arc XVII, 1-60 (Table 33)
Mercury, mean synodic arc XVII,1—60 (Table 24)
Mercury, period XVII, 1—60 (Table 23)

2,0,20,32
2,1,45,10,30,0
2,2;28,49
2,3,41,17,48,0
2,3;53,3
2,4;11,2
2.7
2.8
2.12
2.13
2;14
2,15,36,59

see 1,12,12,19,12
Mahäyuga 1,14 IX,1 (p. 65 (4)) XVI, 1—9 (p. 96 (3) and Table 15) 
Saturn, ksepa XVI,1-9 (Table 17 and 20)
tithis in Mahäyuga 1,14
lunar node, ksepa IX,5 (p. 69 (5)) XVI,1—9 (Table 19 and 21) 
lunar node, ksepa VIII,8 (p. 62 (4))
Saturn, occurrences XVII, 16—17
Mars, retrogradation XVII,1-60 (Table 28) 
Mercury, sighra epicycle XVI,12-14 (Table 22)
Mars, n XVII,1-60 (Table 24)
Sun, maximum equation IX,7-8 (p. 70 (6))
Moon, rotations of apogee in Mahäyuga 1,14 (Table 1) IX,4 (p. 68 
(6a)) XVI, 1-9

2,16;35 
2; 17 
2;20
2;20
2;23,23
2,23,38,0
2,24
2,26,37
2,27
2,28;17
2,30

Saturn, ecliptic arc XVII, 16—19
solar eccentricity VIII,2—3
solar eccentricity IX,7-8 XVI,12-14 (Table 22)
Venus, eccentricity XVI, 12—14 (Table 22)
Sun, maximum equation VII 1,2-3 
solar diameter IX,15—16 (p. 72 (2))
Mars, retrogradation XVII,1-60 (Table 28) 
see 1,27,58,12
Venus, ksepa XVII,1—60 (Table 23 and 32) 
Mercury, ksepa XVI, 1—9 (Table 17 and 20)
Mars, retrogradation XVII,1-60 (Table 28)
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2,30;20
2,30;24,5
2,39;30
2,40
2,42,41
2,57;34
2,59,26;3,57,36

Saturn, ksepa XVII, 1-60 (Table 23 and 32) 
solar diameter IX,15-16 (p. 73 (6))
Jupiter, ecliptic arc XVII,9-11
Jupiter, apogee XVI, 12-14 (Table 22) 
calendario epoch correction 1,11-13
Saturn, ecliptic arc XVI1,16—19
Saturn XVI, 1-9 (Table 14)

3,0
3,0
3,0
3,5;22
3,6
3,6,10,17
3;9,7,32
3;10,40 
0:3,10,41,32 
0;3,10,44,7,53 
0;3,10,44,14,18
3,15
3,30:30
3,35;30

Jupiter, ecliptic arc XVII,9-11
Jupiter, occurrences XVII,9-10
Mars, XVII,25-27
Venus, ksepa XVII,1-60 (Table 33)
Mars, XVII,25-27
Moon, ksepa IX,2 (p. 66 (4))
Mercury, period XVII, 1-60 (Table 24) 
diameter of earth’s shadow X,l-2 (p. 77 (la)) 
motion of lunar nodes VIII,8 (p. 62 (3)) 
motion of lunar nodes IX,5 (p. 69 (4)) 
motion of lunar nodes 111,28-29
Jupiter, occurrences XVII,9-10
Venus, XVII,3-5
Venus, mean synodic arc XVII, 1-2 (Table 24) XVII, 64-80 
(Table 35)

3,35;50
3,36;40
3,37
3;40
3,43
3,44;42
3;45
3,48
3;49
3.54
3.55
3,55:48,58
3,56:6,57

Venus, mean synodic arc XVII,1—2 (Table 24) 
Mars, ksepa XVII,1-60 (Table 23 and 32) 
Mercury, Z XVII, 1-60 (Table 24)
Mercury, apogee XVI,12-14 (Table 22) 
eclipse cycle VI, 11
Venus, sïghra XVI,1-9 (Table 14) 
steps for Sin a IV, 1—5 IV,6-15 (Table 8) 
months in Metonic cycle 1,9-10 
lunar eccentricity 111,5-8
Mars, sïghra epicycle XVI, 12-14 (Table 22)
months in 19 years 1,15 (p. 11 (2b)) VIII,4 (p. 60 (3)) 
lunar nodes, ksepa VIII,8 (p. 62 (4))
see 2,3:53,3

4
4
4,0
4,0:15
4,7,22,35,36
4,10,0,0

inclination of lunar orbit VI,3 (p. 52 (4)) VIII,10-14 (p. 63 (3c)) 
maximum of lunar equation 111,5-8 (p. 26 (4))
Saturn, apogee XVI, 12-14 (Table 22)
Venus, S->'/7 XVII,3-5
months in Mahäyuga 1,14
lunar mean longitude IX,2 (p. 65 (2))
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4;10,40
4,14
4,16
4,20
4,27,21
4,27,22,35,36

radius of Sun IX,15-16 (p. 73 (10))
sidereal months in 19 years 1,15 (p. 12 (4b)) VII 1,4 (p. 60 (3))
Saturn, // XVII,1-60 (Table 24)
Venus, sïghra epicycle XVI, 12-14 (Table 22)
solar distance IX,15-16 (p. 72 (4))
rotations of Moon in Mahäyuga 1,14 (Table 1) IX,4 (p. 67 (4a)) 
XVI,1-9

4,27;30
4,27;30,39
4; 30
4;33
4,35;18
4,35,47
4,39;44,53
4;40
4;40
4;46
4,46
4,48
4,49,9,13
4,50,18,15
4;56
4,57

Mars, XVII,25-27
Venus, ksepa XVI,1-9 (Table 17 and 20)
inclination of lunar orbit VIII,10-14 (p. 64 (10)) IX,6 
eccentricity of lunar orbit VIII,6
Saturn, ksepa XVII, 1—60 (Table 33) 
omitted tithis 1,15
lunar apogee, ksepa IX,3 (p. 66 (4)) XVI, 1-9 (Table 19 and 21) 
inclination of lunar orbit 111,30-31
Mercury, eccentricity XV1,12-14 (Table 22)
maximum of lunar equation VIII,6 
diameter of earth’s shadow X,l-2 (p. 77 (1))
Venus, mean synodic arc XVII, 1—60 (Table 35) 
days in 47,30 years 1,15 (p. 12 (3)) VIII,4 (p. 60 (2)) 
omitted tithis 1,14
maximum of lunar equation IX,7—8 (p. 70 (6)) 
correction of lunar apogee IX,4 (p. 67 (2))

5 yuga XI 1,1
5;5
5; 10
5; 20
5,35
5;37
5,37;32
5;48,21,54
5;48,44,57

maximum of lunar equation 11,2-6 (p. 20 (25)) 
lunar eccentricity IX,7-8
Jupiter, eccentricity XVI, 12-14 (Table 22) 
Saturn, PXVII,1—60 (Table 25) 
radius of Moon IX,15-16 (p. 73 (7)) 
lunar motion per ghana 11,2-6 
omitted tithis per year 1,14
omitted tithis per year 1,11-13 (p. 10 (7))

6,0,0
6.5
6,5;14,48
6,5;14,48,4
6,5;15
6,5;15,30
6,5;15,31,30
6.6

circumference for R = 57,18 IV,6-15
year XII,1 (p. 81 (4))
year 1,15 (p. 11 (1)) VIII,1 (p. 59 (2))
year 1,9-10 (p. 9 (10))
year 11,1 (Table 2)
year 1,11-13 (p. 10 (3)) 111,1
year 1,14 (p. 11 (2)) IX,1 (p. 65 (2)) XVI,1-9 (p. 96 (3a)) 
year XI 1,1 (p. 81 (4))
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6,11;3,53,24
6,11;4,14,57
6,12;40
6,13
6,18
6,18;6
6,28
6.30
6.31
6,33
6,33;8,34
6,38;53,20
6,39
0;6,40
6;40
0;6,40,59,29
0;6,45
0;6,46,50,56,57
0;6,46,50,57
6,48

tithis in year 1,14 (p. 11 (1)) 
tithis in year 1,11-13 (p. 10 (6))
Saturn, mean synodic arc XVI1,1—60 (Table 33 and 34) 
Saturn, mean synodic arc XVII,1-60 (Table 34)
Saturn, synodic time XVII,1-60 (Table 23)
Saturn, synodic time XVII, 1-60 (Table 23) 
Mercury, Z XVII,38-40
Jupiter, synodic time XVII,1-60 (Table 26)
Jupiter, n XVII, 1-60 (Table 24)
Jupiter, mean synodic arc XVII,1—60 (Table 33)
Jupiter, mean synodic arc XV11,1—60 (Table 33 and 34) 
Jupiter, synodic time XVII,1-60 (Table 23)
Jupiter, synodic time XVII,1—60 (Table 23 and 26) 
motion of lunar apogee IX,11-14 (p. 71 (4))
Saturn, epicycle XVI, 12-14 (Table 22) 
motion of lunar apogee IX,3 (p. 66 (3)) 
yojana XIII,15-19 (p. 84 (2)) 
lunar apogee IX,4 (p. 68 (5)) 
lunar apogee IX,4 (p. 68 (6b))
Mars, synodic arc XVII,25-27

7
7
7,8
7,11
7,22
7,22,35,36
7;23,20

Mercury XVI 1,38-40
Saturn, retrogradation XVII,64-80 
epoch date in Saka era 1,8 1,9-10 
Venus, Z XVII, 1-60 (Table 24) 
Sun, ksepa IX, 1 (p. 65 (5)) 
intercalary months in Mahäyuga 1,14 
Mars, period XVI1,1—60 (Table 24)

8
8
8
8;6,20
8,34
8;53,20

eclipse limit VII,5 (p. 58 (3))
Mercury, ecliptic arc XVI 1,38-40
Venus, visibility XVII,57—60
Jupiter, ksepa XVI, 1—9 (Table 17 and 20) 
days since epoch 1,9-10 (p. 9 (6))
yojanas XIII,15-19 (p. 84 (1))

9
9
9,35; 30
9;36
9,36
9,43;54,32

Saturn, Z XVI1,1-60 (Table 24)
Venus, visibility XVI,23
Venus, mean synodic arc XVII, 64-80 (Table 35) 
daylight 11,8 (Table 4)
Venus, synodic arc XVI 1,64-80 (p. 128)
Venus, mean synodic time XVII, 1-60 (Table 23)
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9,44
9,47,30
9;48,44

Venus, mean synodic time XVII, 1—60 (Table 23) 
months in 47,30 years 1,15 (p. 12 (3))
Moon, ksepa IX,2 (p. 66 (4)) XVI, 1-9 (Table 19 and 21)

10;0
10,9
10,27,52,36
10,35,0
10,38,0,24

Saturn, eccentricity XVI, 12—14 (Table 22) 
lunar anomaly, ksepa VIII,5 (p. 61 (5)) 
lunar apogee, ksepa IX,3 (p. 66 (4)) 
sidereal months 1,15 (p. 12 (4a)) VIII,4 (p. 60 (2))
Mars, rotations in Mahäyuga 1,14 (Table 1) XVI,1-9 (Table 15 
and 17)

10,44,0
10;51,40
11
11 
ll;14,20
11,24
11,27
11,32
11,38
11;40
11;42

lunar diameter IX,15-16 (p. 72 (2))
Jupiter, period XVII,1-60 (Table 24)
Jupiter, retrogradation XVI 1,64-80
Jupiter, visibility XV1,23 
lunar diameter IX, 15-16 (p. 73 (6))
Mercury, 77 XVII, 1-60 (Table 24)
Mars XVI, 1-9 (Table 14)
tithis 1,9-10 (p. 8 (3))
epoch constant 1,11—13
Mars, eccentricity XVI, 12-14 (Table 22)
lunar velocity, minimum 11,2—6 (p. 19 (15a)) III,4 and 9 (p. 25 
(1))

11,43
12
12
12
12
12
12,0
12,10,31
12;12
12;22,6,18,56,50
12;22,7,46,48
12;22,8,29,54
12;39
12,48
12,48;45
12,59;57,19
13
13,0
13
13;10,34

tithis 1,9-10 (p. 8 (3))
Jupiter, epicycle XVI,12-14 (Table 22)
Mercury, ecliptic arc XVII,38-40
Mercury, visibility XVII,57-60
Moon, visibility XVI,23 XVII,57-60 
shortest daylight 11,8 (Table 4) XII,5
Venus, 77 XVII, 1-60 (Table 24)
120 years 111,1
Saturn XVI1,17
months per year 1,15 (p. 12 (6)) 
months per year 1,14 (p. 11 (1)) 
months per year 1,11-13 (p. 10 (2))
Saturn, mean synodic arc XVII,1-60 (Table 24)
Mars, mean synodic arc XVI1,1-60 (Table 34)
Mars, mean synodic arc XVI1,1-60 (Table 33 and 34)
Mars, synodic time XVII, 1-60 (Table 23) 
eclipse limit VI,2 (p. 51 (1)) VII,5 (p. 58 (2))
Mars, synodic time XVII,1-60 (Table 23)
Mercury, visibility XVI,23
lunar mean motion IX,11-14 (p. 71 (1))
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13;10,34,17
13;10,34,43 
13;10,34,52,6 
13:10,34,59,50 
13;11
13; 20
13,20
13:22,7,46,48 
13:22,7,46,50
13,27,59,49
14
14
14
14
14;24
14;39 
14:39,8,34,17 
14,51:10
0;15
15
15
15,0
1 5
15
15
15,13,7
15,27
15,37,46
16
0;17

lunar mean motion 11,2-6 (p. 20 (21))
lunar mean motion 11,2-6
lunar mean motion 1,14 (p. 11 (4)) 
lunar mean motion 1,15 (p. 12 (8)) 
lunar mean motion 11,2-6 (p. 20 (23)) 
naksatra XII,3
solar mean longitude IX,1 (p. 65 (2)) 
sidereal month IX,4 (p. 67 (4b)) 
sidereal month IX,4 (p. 67 (3)) 
lunar apogee IX,3 (p. 66 (2)) 
Mars, visibility XVII,57-60 
Mercury XVII,38-40 
solar epicycle IX,7-8 (p. 70 (3)) 
Venus, manda epicycle XVI, 12—14 (Table 22) 
longest daylight 11,8 (Table 4)
maximum lunar velocity III,4 and 9 (p. 25 (1)) 
maximum lunar velocity 11,2—6 (p. 19 (18b)) 
distance of Sun IX,15-16 (p. 73 (9)) 
apparent semidiameter of Sun VII,5 (p. 58 (5)) 
eclipse limit VI,2 (p. 51 (3)) 
Jupiter, visibility XVII,57-60 
lunar apogee IX,3 (p. 66 (2)) 
lunar diameter XIV,38 (p. 92 (3)) 
Saturn, visibility XVI,23 XVII,57-60 
solar apogee (Gemini 15) VIII,2-3 
Sun VIII,1 (p. 59 (1))
Mercury, synodic time XVII,1—60 (Table 23) 
lunar node, ksepa VIII,8 (p. 62 (4)) 
Jupiter, occurrences XVI 1,9-10 
apparent semidiameter of Moon VI,3 (p. 52 (1)) VI,12-15 (p. 55 
(1)) VII,5 (p. 58 (4))

17
17,30
18
18
18
18
18

Mars, visibility XVI,23
intercalary months 1,15 
longest daylight 11,8 (Table 4) XII,5
Mars, retrogradation XVI1,64-80
Mars, 0^0 XVII,25-27
Mars, Z XVII,1-60 (Table 24)
radius of earth IX,15-16 (p. 73 (8)) IX,19-23 (p. 76 (12)) X,l—2 
(p. 77 (4a))

18,26,29
18,38
0;18,43,20

intercalary months 1,14
Saturn XVII, 1-60 (Table 33)
radius of Moon IX,15-16 (p. 73 (10))
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19
19,2,30
19,11

cycle of years 1,9—10 1,15 111,32-35 VIII,4 (p. 60 (3)) 
yuga 1,15 111,32—35
Venus XVI1,1-60 (Table 33)

20,0
20
20
20,0,0,0
20:30
21;5
22
23
0;23,20
23;20
23;40
24
24
24:16
24,21
24,46
27
27
27
27;19,17,45,50
27;19,18,1,26,24
27;32
27:33,16,21,49
27:33,20
28
28;1
28;20
28;26,40
29,13,40,19
29;31,48,16,37
29:31,50,5,37
29:31,50,5,58
29:31,50,6,52,59

lunar distance IX,15-16 (p. 72 (4)) 
Mercury, node XVI, 12-14 (Table 22) 
solar apogee (Gemini 20) see 1,20 
years in Mahäyuga 1,14 (Table 1) 
Jupiter, ecliptic arc XVII,9-11
Jupiter XVII,9-10
Mercury, epicycle XVI,12—14 (Table 22)
Mercury, ecliptic arc XVII,38-40
Jupiter, correction XVI,10-11 
maximum declination 111,20—22 
obliquity of ecliptic IV, 16-18 (Table 9) 
lunar nodes VIII,8 (p. 62 (2)) 
obliquity of ecliptic IV,23—25 (p. 40 (4)) XIII,9—10 
Jupiter XVI 1,9-10 
see 6,5 ; 15
Jupiter XVII,9—10
Mars, retrogradation XVII,1-60 (Table 28) 
naksatras XII,3
yogas XII,4 
sidereal month VIII,4 (p. 60 (2)) 
sidereal month IX,2 (p. 65 (2))
Jupiter, ksepa XVII,1-60 (Table 33) 
anomalistic month VIII,5 (p. 60 (2)) 
anomalistic month 11,2-6 (p. 17 (4))
Mercury, manda epicycle XVI, 12-14 (Table 22) 
Mercury, ksepa XVII,1—60 (Table 33)
Mercury, ksepa XVII, 1-60 (Table 23 and 32) 
Saturn, period XVII, 1-60 (Table 24) 
lunar nodes, ksepa IX,5 (p. 69 (5)) 
lunar month 1,11-13 (p. 10 (4)) 
lunar month 1,15 (p. 12 (7)) 
lunar month 1,9-10 (p. 9 (9)) 
lunar month 1,14 (p. 11 (3))

30
30
30,30

Mercury XVII,38—40
Saturn, occurrences XVII,16—17
5 years XII,1
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31
31
32

lunar epicycle IX,7—8 (p. 70 (3))
Mercury XVI 1,38-40
Jupiter, manda epicycle XVI, 12-14 (Table 22)

32
32; 12
32; 14,6
32,16
32,30,39,48
0;32,40
33
33,4
33;9
33;45
33;57
34
34

Mars, retrogradation XVII, 1-60 (Table 28) 
lunar diameter IX,15-16 (p. 72 (5)) 
solar diameter IX,15-16 (p. 72 (5)) 
epoch constant 11,2—6 (p. 16 (1))
Venus, sïghra 1,14 (Table 1) XVI,1-9 (Table 15 and 17) 
Sun, ksepa IX,1 (p. 65 (5)) XVI,1-9 (Table 19) 
Mercury XVII,38-40
Moon, ksepa VIII,4 (p. 60 (1)) VIII,5 (p. 61 (4)) 
Jupiter, mean synodic arc XVII,1-60 (Table 24)
Jupiter, mean synodic arc XVI1,1-60 (Table 26) 
Saturn XVII, 16-17
Jupiter, mean synodic arc XVII, 1-60 (Table 26)
Mars, retrogradation XVII,1-60 (Table 28)

34;34
36
37

Jupiter, ksepa XVII,1-60 (Table 23 and 32)
Jupiter, Z XVII,1-60 (Table 24)
Mars, retrogradation XVII, 1-60 (Table 28)

37,7
37,27
0;38
39

ahargana 1,17—21 (p. 12 (1))
see 3,44,42
radius of earth’s shadow VI,3 (p. 52 (1)) VI, 12-15 (p. 55 (1)) 
Mars, epicycle XVI,12-14 (Table 22)

40
40
40;16
40,42,44

Mars, node XVI, 12-14 (Table 22)
Saturn, sighra epicycle XVI, 12-14 (Table 22)
Saturn XVII, 16-17
Saturn, rotations in Mahäyuga 1,14 (Table 1) XVI,1-9 (Table 15 
and 17)

41;59
42,0
43;20
45,0
45,18,31
45;51
45,52
47,30
48
48;9
48;43
48;48
49,50,34,26

Saturn XVII, 16-17
ahargana 1,17-21 (p. 13 (2))
Venus, epicycle XVI,12-14 (Table 22) 
lunar nodes IX,5 (p. 68 (2)) 
lunar nodes VIII,8 (p. 62 (1))
Saturn, ecliptic arc XVII,16-19
Jupiter XVII, 1-60 (Table 33)
years 1,15 111,32-35
Mars, synodic arc XVI 1,25-27
Sine IV, 16-18 (p. 37 (2))
Mars, mean synodic arc XVII,1-60 (Table 24)
Sine IV,23-25 (p. 40 (3))
see 2,59,26,3,57,36
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50,31 110 anomalistic months 11,2—6 VIII,5 (p. 60 (2))
51 correction of lunar longitude IX,4 (p. 67 (1))
51,15 Mars XVII,1-60 (Table 33)
0;52 lunar horizontal parallax VII,2 (p. 57 (3))
52,0 lunar longitude, correction IX,4 (p. 67 (1))
52,12 Mercury XVII, 1-60 (Table 33)
0;53 lunar horizontal parallax VI11,10-14 (p. 63 (7))
53,20 circumference of earth 111,14 IX,10
53,51;59,16 lunar apogee IX,3 (p. 66 (2))
0;54 lunar horizontal parallax IX,19-23 (p. 76 (14))
0;55 radius of Moon plus shadow VI,3 (p. 52 (la))
0;55,14,34,40,49 Jupiter, density of occurrences XVII,9-11
57,18 R IV,6-15
57,18 3,0,0/tt IX,15—16
0;59,l,56 tithi XII,1 (p. 81 (2a))
0;59,3,40,ll,56 tithi 1,9-10 (p. 9 (8))
0;59,8 solar mean motion IX,11-14 (p. 71 (1))
0;59,8,10,10,37 solar mean motion IX,1 (p. 65 (3))

5. Subject Index to the Commentary
References are to chapter and verse in the commentary 

ahargana 1,8—15 XVII,64—80 (p. 126)
Alexandria (see also Yavanapura) 111,13 XV,16-21 
Almagest 1,15 111,2-3 IV,29-30 XIII,20-25 
amplitude of the Sun IV,52-54 
angels, as rulers of days 1,24-25 
anomalistic month see month 
anomaly see lunar a. ; solar a.
apogee see lunar a.; solar a. 
apparent diameter see lunar diameter, solar diameter 
ärdharätrika (“midnight”) system

distances IX,15-16
epoch XV,20 
lunar equation VII 1,6 
parameters 1,14 IX,1 IX,4 IX,5 XVI,1—9 XVI,12—14 (Table 22) 
solar apogee 111,2-3 IX,7-8 

arrangement of planets see planets
Äryabhatiya VI,8 VI,9—10 XIII,6-7 XIV,21—22 XV,20 XV,22—23 
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ascensional differences IV,26 IV,31 IV,41-44 XIV,1-4
Äslesä 111,20-22 XIV,33-37
astrology 111,32-35 XI11,26-29 XI11,39-42 XVI1,1-60 (p. 109) 
Asvini 111,20-22 (p. 33 n. 1) 111,32-35
Atharvaveda 111,20-22
avanati VIII, 16
Avanti (= Ujjayini) 1,8 111,13 VIII,5 XIII,9-25
ayana 111,20-22 XII,5 XV,24

Babylon XV, 19
Babylonian astronomy (see also linear zigzag functions) 1,15 11,2-6 11,8 111,1 111,17 

XII,5 XVII,passim
bahn IV,52-54 V,4-7
Battäni 111,1
Benares see Varanasi
bhuja see bähu 
bija 1,2 XVI, 10-11
Brähmasphutasiddhänta 1,4
Brhajjätaka see Varähamihira
brightness of planets XVII, 1-60 (p. 125)
Bundahishn 1,24-25

Caitra 1,8 111,32-35
Canopus XIV,39—41
cardinal points of horizon IV, 19 
cinematic planetary models XVI, passim 
color of eclipses VI,9-10
conjunction = sighra XVI, 12-23 
cosmography XIII,passim XV,22-23 
creation 111,32-35
crescent see lunar crescent 

day-radius 111,10-11 IV,23-25 XIV, 1-4
days instead of degrees XVI 1,64-80 (p. 126)
declination of points on the ecliptic 111,10-11 IV,16-18 IV,23-25 
deflection of eclipse VI,8
Dhanisthä, naksatra 111,20-22 111,25 XII,3
diameter, apparent see lunar diameter; solar diameter 
digits VI11,17 XIV, 1 XIV,38
distances of Sun and Moon IX, 15-16 IX, 19-23 X,l-2

10*
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£ see obliquity of ecliptic
earth

equator, circumference 111,14 IX,10 XIII,15-19 
radius IX, 15-16 IX, 19-23 X,l-2

earth-Sine IV,27-28 XIV, 1-4 
eccentricities XVI,12-14 (Table 22) 
eclipses 1,5-7 VI, passim XV, 1-9

color VI,9-10
deflection VI,8
duration VI,3 VI,4 VIII,16 IX,26-27 X.2-4 X,7
limits VI,2 VII,5

Egyptian years XII, 1
elongation (see also visibility)

Moon from Sun 11,7 
planets from Sun XVII,64-80 (Table 34) 

epoch, noon or midnight IX, 1 XVI, 1-9 
epoch values see ksepas 
equation see lunar e. ; solar e.
equinoxes 111,20-22

father of Varähamihira 1,1
finger, as unit (see also digit) XIV,21-22
fixed stars XIV,33-37

Gargasamhitä XII, 1
gati

as anomalistic month 11,2—6
as interval between Greek-letter phenomena XVI 1,24-35 and 54-56 

geographical latitude see latitude, terrestrial 
geographical longitude

determination from full-moons XIV,29-30
ghana 11,2-6
gnomon (see also shadow) 11,2-9 XI11,30-34
Govindasvämin 1,4
graphical methods (see also projection of eclipses) XIV,1-4 XIV,7 XIV,10-11 
Greek order of planets 1,17-21 XIII,39-42 XVII,1-60 (p. 109)

hand, as unit XIV,21-22 XIV,33-37
Handy Tables XVI, 1-9 (p. 99)
Hellenistic astronomy 11,2-6 XVI,passim
Himalayas 111,12
Hipparchus 1,15 VIII,1
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horizontal parallax see parallax 
hypotenuse

gnomon-shadow IV,52-54
lunar crescent V,4—7

inclination of ecliptic see obliquity
inclination of lunar orbit see lunar latitude, maximum
intercalary months 1,11-14

Jupiter XVI,1-9 (Tables 14 to 17, Table 20) XVI.12-14 (Table 22) 
longitudes XVII,7 XVII,9-10 (pp. 111-112, 115-116) 
phases XVII,12-13 (p. 118) 
retrogradation XVII,64-80 (p. 127) 
visibility XVI,23 XVII,58 (p. 125) 
zones XVII,9-11 (p. 113)

Julian year 11,1
Jyotisavedáñga 111,20-22 111,25 XII, 1

kaksä IX, 15—16
Kaliyuga XVI, 1-9 (p. 97-99) 
karana 111,18—19
Khandakhädyaka 1,14 (p. 11 n. 1) VI,8 XVI,1-9 
koti IV,52-54 V,4-7
krsnapaksa 111,18-19
Krttikä 111,20-22 XIV,33-37
ksepas, i.e., epoch constants 111,28-29 VIII,5 VIII,8 XVI,1-9 XVII,1-60 (p. 123-125)

Lagadha XII, 1
Lanka XI11,passim XV,22-23
Lätäcärya VIII,5 XV,18
Lätadeva 1,3 1,8 1,11-13 1,14 XIII,1-5 XIII,9-14
latitude, lunar see lunar 1.
latitude, terrestrial 1,5—7 IV,20—23 IV,39—40 XIV,8—10 
length of daylight (or night) 11,8 111,10—11 IV,34 IV,48—49 XII,5 XIII,20—25 
linear zigzag functions

length of daylight 11,8 XII,5
lunar latitude 111,30-31
lunar velocity 11,2-6 III,4 and 9 111,5-8
noon shadow of gnomon 11,9-10

longitudes, sidereal and tropical (see also lunar 1.; solar I.) 111,20-22 (p. 33 n. 1) 
lords of days, hours etc. 1,17-21 XIII,42 XV,26-29
lunar anomaly (see also lunar equation) 11,2-6



146 Nr. 1

lunar apogee 11,2-6 VIII,5 IX,3 XVI,1-9 (Table 19)
lunar crescent V,4—7
lunar diameter

actual IX, 15-16
apparent VI,3 VII1,15 IX, 15-16 XIV,38
15 digits XIV,38
15 parts V,4

lunar eclipses see eclipses
lunar epoch constants XVI, 1-9 (Table 21) 
lunar equation 11,2—6 111,5—8 VIII,6 IX,7-8 
lunar latitude 111,30-31

maximum: 4;0° VI,3 (4) VIII,10-14 (3c) 
4;30° VIII,10-14 (10) IX,6 
4;40° 111,30-31

lunar longitude VI11,4 IX,2
lunar mean motion 1,11—15 11,2-6 XVI,1-9 (Table 19)
lunar nodes 111,28-29 VIII,8 IX,5 XVI,1—9 (Table 19)
lunar orbit, inclination see lunar latitude
lunar phases (see also lunar crescent) XIII,35-38
lunar velocity 11,2-6 III,4 and 9 IX,11-14
lunar visibility V,l—3 XVI,23 XVII,58 (p. 125)

Maga Brähmana 1,1 1,24-25
Mägha, month XII,2
Maghä (= Regulus) XIV,33-37 
magical diagram 1,5-7 XIV,27-28
Mahäbhäskariya 1,14 (p. 11 n. 1)
Mahâyuga see yuga 
manda XVI,12-23
Mars XVI,1-9 (Tables 14-17, Table 20) XVI,12-14 (Table 22) XVII,1-60 (p. 111-112) 

phases XVII,25-35 (p. 119-120) 
retrogradation XVII,1-60 (p. 119-120) XVII,64-80 (p. 127) 
visibility XVI,23 XVII,58 (p. 125)
zones XVII,1-60 (p. 113)

maximum equation see lunar equation; solar equation
Mercury XVI, 1-9 (Tables 14-17, Table 20) XVI, 12-14 (Table 22) 

phases XVII,42-56 (p. 121-123) XVII,64-80 (p. 128) 
visibility XVI,23 XVII,58 (p. 125) 
zones XVII,38-40 (p. 114-115)

meridian line XIV, 14-16
Meru see Mount Meru
Metonic cycle 1,9—10 1,15 111,32—35 VIII,4
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midnight system see ärdharätrika s. 
month

anomalistic 11,2—6 111,4 and 9 111,5-8 IX,3 
intercalary 1,11—14
sidereal 1,15 VIII,4 IX,2
synodic 1,8-15

moon see lunar
Mount Mern XIII,passim
movable karanas 111,18—19
muhürta 11,7-8 XII,5

naksatra 11,7 111,16 111,32-35 XIV,34-37 
naksatra-days XII, 1 
nodes see Innar nodes
nonagesimal VII,1 VIII,10-14 IX,24-25 

oblique ascension IV,31 
obliquity of ecliptic

£ = 23;à20° 111,20-22
e = 23;40° 111,20-22 IV,16-18
£ = 24° IV,20-25 XI 11,9-25

omitted tithi 1,11-13 1,14 XII,1
order of planets see planets, arrangement 
ortive amplitude IV,37 IV,52-54

n, approximations
3 111,10-11 (p. 30 n. 1) VIII,10-14 IX,19-23
J/Ï0 IV,1-5 (la)
3;8,28,54,. . . IX,15-16 (p. 73)

P. Lund 35a 11,2-6 (p. 16 n. 1)
P. Ryl. 27 11,2-6 (p. 16 n. 1, p. 18 n. 1)
pada 11,2-6 111,5-8 XVII,7,9,15,16
Paitämahasiddhänta 1,1 111,36-38 XII,1-2 XIV,33—37 XVI,22-23 
paksa (see also krçnapaksa; suklapaksa) XII,4 XIII,35-38 
parallax

adjusted IX,19-23 IX,27
horizontal VII,1-2 VIII,10-14 IX,19-23 XV,7-9 
latitudinal VII,2 VIII,10-14 IX,24-25 
longitudinal VII,1 VIII,9 IX,19-23 XV,7-9

Paräsaratantra 111,25
parvan XII,4
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Paulisasiddhänta 1,1 1,4 1,11-13 XVII,64-80
penumbra VI,2
Persian influences XV, 19

names for days of the month 1,24-25 
years 1,23 XII,1

phases see lunar phases; planets, phases
Pitrs 111,23-24 XV,1-4 XV,11-14 
planets 1,5-7 XVI,passim XVII,passim

arrangement 1,17—21 XIII,39—42 XVII,1—60 (p. 109) 
latitude XVI,24-25
longitude XVI,15—22 XVII,1—60 (pp. Ill if.) 
phases XVII, 1-60 (p. 116 IT.) et passim 
stations XVI,22
visibility XVI,23 XVII,57-60 (p. 125-126) 

poles, north and south XIII,passim
Prakatärthadipikä 1,4
prana XIV,31—32
prime vertical IV,32-36 
projection of eclipses VI,12—15 XI,passim
Ptolemy 1,15 VIII,1

Rähu see lunar nodes
Rañganatha VI,8
Regulus XIV,33-37
Revatï 111,25
right ascension IV,29-30 XIV,7 
ring, as instrument XIV,21—22
Romakasiddhänta 1,1 1,4 1,8 111,32-35 VII,5 VIII,5 XV,18
Romakavisaya XV,23-25
ruler see lords

sadasitimukha 111,23-24
Saka era 1,8-10 XII,2 XVI,1-9 (p. 97) 
sand board XIV,27-28
sañkranti 111,26
Sasanian astronomy XV, 19
Saturn XVI,1-9 (Tables 14-17, Table 20) XVI,12-14 (Table 22) 

longitudes XVII,15-17 (p. 115-116) 
phases XVII,19—20 (p. 118) 
retrogradation XVII,64-80 (p. 127) 
visibility XVI,23 XVII,58 (p. 125) 
zones XVI 1,16-19 (p. 112-113)
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sävana days 111,27 XII,1
seasons 111,25
shadow of earth see eclipses
shadow of gnomon

curve traced by endpoint IV,19 IV,52-54 XIV,14-16
length of shadow 11,9—13 111,10—11 IV,20—23 IV,41—49 IV,52—54 XIV,5—6

Siddhapura XV,22-23
sidereal days XI 1,1
sidereal longitudes see longitudes
sidereal mean motion of moon see lunar mean motion
sidereal month see month
sidereal year .see year
sïghra XVI,1-9 (Tables 14-16) XVI,12-23
Simhäcärya XV, 19
sine tables IV, 1-16
solar anomaly (see also solar equation) 111,2—3
solar apogee 111,2—3 111,17 VIII,2—3 IX,7—8 XVI,12—14 (Table 22)
solar declination see declination
solar diameter

actual IX,15-16
apparent 111,26 VIII,15 IX,15—16

solar eccentricity XVI,12-14 (Table 22)
solar eclipses see eclipses
solar equation 111,2-3 VIII,2-3 IX,7-8
solar longitude 111,2-3 VIII,1 IX,1
solar mean motion IX,1 XVI,1-9 (Table 19)
solar velocity (see also solar mean motion) 11,1 111,17 111,26
solstices 111,20-22 111,25 111,32-35 XII,5
sphere, as instrument XIV,23-26
Sphujidhvaja see Yavanajätaka
suklapaksa 111,18-19
sun, invocation 1,1
sun dial (see also gnomon, shadow) XIV, 19—20
sunrise epoch 111,27 XII, 1
sunset epoch VIII,5 XV,18 XV,24
Süryasiddhänta 1,4 1,14 VI,8
syllable XIV,31-32
synodic arc XVII,1—60 (p. 110—112) XVII,64—80 (p. 126)

subdivision XVII,1-60 (p. 116-123) XVII,64—80 (p. 127—128)
synodic month see month
synodic periods XVII, 1-60 (p. 110-112)
synodic time see synodic period
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terrestrial latitude see latitude, t.
Theon XVI,1-9 (p. 99 f.)
tithi (see also omitted tithi) 1,8—13 11,7 111,16 111,27 111,32—35 
tortoise XIV,27
trepidation of solstices 111,20-22 
tropical year see year

Ujjayini see Avanti
Utpala 111,25 VI,8

Vadavämukha XIII,1-5
vaidhrta 111,20-22
Varähamihira

Brhajjätaka 1,22 11,8
Brhatsamhitä 1,1 1,22 111,20—22 111,32 (p. 35 n. 3) XIV,39-41 (p. 93 n. 1) 

Väränasi (= Benares) 111,13 
Väsistha 1,1 11,2-6 (p. 22) 
velocity see lunar v. ; solar v.
Venus XVI,1—9 (Tables 14—17, Table 20) XVI,12—14 (Table 22)

epoch values XVII,1-60 (p. 124)
mean synodic arc XVII,1-2 (p. 114)
phases XVI 1,3-5 (p. 120-121) XVI 1,64-80 (p. 128)
visibility XV1,23 XVI1,58 (p. 125)

visibility, first and last see lunar visibility; planets, visibility 
Visnudharmottarapuräna see Paitämahasiddhänta 
vyatipäta 111,20-22 XI 1,4

week, planetary 1,17-21 
world year 111,32-35

Yamakoti XV,22-23
Yavana XV, 19
Yavanajätaka 11,8 XI11,26—29 
Yavanapura (= Alexandria) 1,8 111,13 VIII,5 XV,16—21 XV,25 
Yavanesvara XIII,26-29
year

Egyptian-Persian, 365d 1,23 XII,1
sidereal 1,14 111,1 IX,1 XVI,1-9
tropical 1,9-10 1,15 VIII,1

yoga XII,4
yogatärä see fixed stars 
yojana 111,14 IX,10 XIII,15-19
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yuga (see also Kaliyuga, Mahäyuga)
5 years XII,1-4
19,2,30 years 111,32-35
50,0,0 years 1,14
20,0,0,0 years 1,14 (p. 11 n. 1) IX,1 IX,4 XVI,1-9

zigzag function see linear z.f.
Zij ash-Shäh XV, 19

151
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